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1 . REAL PARTY IN INTEREST 

The real party in interest is the University of South Florida, the assignee of record, 
which is a state university, organized under the laws of the State of Florida, as evidenced by the 
assignment set forth at Reel 013396, Frame 0478. 
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2. RELATED APPEALS AND INTERFERENCES 
None 
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3. STATUS OF CLAIMS 
Rejected claims: 
Canceled claims: 
Withdrawn Claims: 
Claims under appeal: 



16-21,24-30 

1-15,22-23 

31-36 

16-21,24-30 
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4. STATUS OF AMENDMENTS 

No amendments have been made subsequent to the non-final rejection by the Office 
dated January 23, 2007. 
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5. SUMMARY OF CLAIMED SUBJECT MATTER 

Citations to the specification are by page and line number. A concise explanation of the 
invention defined in the claims involved in this appeal is provided below. Claim 16 is the only 
independent claim on appeal. 

Claim 16 recites a method for screening a sample for the presence of K. brevis (page 1 , 
lines 28-29), comprising: subjecting the sample to amplification using a pair of oligonucleotide 
primers (page 7, lines 14-16) capable of amplifying a target region of the rubulose 1, 5- 
biphosphate carboxylase large subunit (rbcL) of K. brevis (page 1, lines 29-31 ); and assaying 
the mRNA for the presence of the amplified target region of the ribulose 1, 5-biphosphate 
carboxylase-oxygenase large subunit (rbcL) unique to K. brevis (page 2, lines 1-2). 
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6. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



I. Whether the Office erred in rejecting claims 16 - 18 under 35 U.S.C. §103(a) as 
being rendered obvious by Yoon et al. in view of Buck et al. and further in view 
of GenBank Accession No. AY1 19786. 1 

II. Whether the Office erred in rejecting claims 19-21, 24 and 25 under 35 U.S.C. 
§ 103(a) as being rendered obvious by Yoon et al. in view of Bowers et al. and 
further in view of Wilson et al. and further in view of Buck et al. and in still 
further view of GenBank Accession No. AY1 19786. 2 

III. Whether the Office erred in rejecting claims 26-30 under 35 U.S.C. §103(a) as 
being rendered obvious by Yoon et al. in view of Leone et al. and further in view 
of Wilson et al. and further in view of Buck et al. and in still further view of 
GenBank Accession No. AY1 19786. 3 



1 Non-Final Action, page 3 

2 Non-Final Action, page 6 

3 Non-Final Action, page 1 1 
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7. ARGUMENT 



I. The Office erred in rejecting claims 16 - 18 under 35 U.S.C. §103(a) as 
being obvious over Yoon et al. in view of Buck et al. and further in view of 
GenBank Accession No. AY1 19786 because Yoon does not teach a method 
of detecting K. brevis in a sample. 

The Office has mischaracterized the teachings of Yoon. The Office alleges that Yoon 
teaches a method for screening a sample for the presence of K. brevis. (Office Action dated 
January 23, 2007, page 3, lines 7-8). Yoon, however, teaches a method of determining the 
origin of plastids in red algae and dinoflagellates. The K. brevis samples in Yoon were pure 
samples, therefore making the detection of K. brevis in a sample unnecessary. Table 1 of the 
supporting information shows that the K. brevis used was obtained from the Center for Culture 
of Marine Phytoplankton (CCMP 718). (see Table 1, Yoon et al., supporting information; 
attached hereto as Exhibit B). This culture, CCMP 718, was isolated in the 1960's. (CCMP 
catalog, CCMP718; attached hereto as Exhibit E). Therefore, the assertion that Yoon teaches a 
method for screening a sample for the K. brevis is at odds with the fact that Yoon used a pure 
K. brevis sample. Accordingly; any primer sequence derived from the rbcL gene, or any other 
gene for that matter, would amplify the pure culture of K. brevis. Yoon, at best, teaches a 
method of amplifying a pure sample rather than detecting the presence of K. brevis in an impure 
sample. 

Next, the Office alleges the method disclosed by Yoon further comprises: using a pair of 
oligonucleotide primers capable of amplifying a target region of the ribulose 1,5-biphosphate 
carboxylase-oxygenase large subunit (rbcL) of K. brevis (amplification using species specific 
primers, page 11725, column 1, lines 13-24 and Table 2, supporting information). (Office 
Action dated January 23, 2007, page 3, line 19 through page 4, line 4). Yoon, in the relevant 
passage, states: 

PCRs were done by using specific primers for each of the plastid 
genes (Table 2, which is published as supporting information on 
the PNAS web site). The presence of highly variable third codon 
positions in the psaA gene led us to use species-specific primers 
based on sequences in sister species. Because introns were found 
in the psaA gene of some red algae, the reverse transcription 
(RT)-PCR method was used to isolate cDNA. For the RT-PCR, 
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total RNA was extracted by using the RNeasy Mini kit (Qiagen). 
To synthesize cDNA from total RNA, Moloney murine leukemia 
virus Reverse Transcriptase (GIBCO/BRL) was used following 
the manufacturer's protocol. (Yoon, page 11725, column 1, lines 
13-23, emphasis added). 

Yoon does not teach the use of species specific primers for the detection of a 
dinoflagellate in a sample. Rather, Yoon used primers specific to the plastids being tested 
(namely, the psaA, psaB and rbcL genes) and not a particular species. Yoon only used species 
specific primers for detection of the psaA gene and not the rbcL gene. Table 2, on which the 
Office relies to support the finding that Yoon teaches species specific primers for use with the 
rbcL gene, indicates that all primer sequences used to amplify the rbcL gene are general with 
regard to specificity (with the exception of R-753 which is only specific to the family 
Bangiaceae). Yoon teaches only the use of non-specific (general) primers for use with the rbcL 
gene. Nothing in Yoon teaches that the rbcL gene of K. brevis contains a sequence that is 
unique to that species. 

Next, the Office alleges that Yoon teaches "assaying the mRNA for the presence of the 
amplified target region of the [rbcL] unique to K. brevis." (Office Action dated January 23, 
2007, page 3, lines 13-14). The Office continues: 

PCR products generated from total RNA were sequenced using 
dye terminators as probes, p. 11725, column 1, lines 20-29; 
sequences are unique to K. brevis, p. 1 1726, column 1, lines 8-14 
and Figure 1A and B and GenBank Accession No. AY1 19786; 
BLAST search indicates primers amplify a region unique to K. 
brevis, see BLAST results. (Office Action dated January 23, 
2007, page 3, lines 14-18). 

The passage upon which the Office relies to support the allegation that the "sequences 
were unique to K. brevis" is reproduced below: 

These data provide strong support, therefore, for the monophyly 
of fucoxanthin-containing and haptophyte plastids. Our results, 
using an expanded data set of rbcL sequences, is consistent with 
previous reports (32). The two genera of fucoxanthin-containing 
dinoflagellates, Karenia and Karlodinium, are paraphyletic at the 
base of haptophyte clade, a result that is also found in the psbA 
tree. (Yoon, page 1 1726, col. 1, lines 8-14). 
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This passage is devoid of any statement that could lead one to conclude that the 
sequences used where unique to K. brevis. To the contrary, Yoon states it used "an expanded 
data set of rbcL sequences." (Yoon, page 1 1726, column 1, line 10). The only conclusion to be 
drawn from this statement is that the genus Karenia (which includes both K. brevis and K. 
mikimotoi) and the genus Karlodinium contain some, but not all, of the descendants from a 
common ancestor (i.e., they are paraphyleticj. Rather than speak to the uniqueness of the rbcL 
gene of K brevis, this passage shows the close relationship among the genus Karenia with the 
sister genus Karlodinium as well as others with regard to the rbcL gene. 

The Office also relies on Figures 1A and IB. (Yoon, page 11726). Figures 1A and B 
show a phylogeny of red algal and red algal-derived plastids using combined psaA and psbA 
sequences, the rbcL gene was not used. Id. Both Figures 1 A and IB were created using LogDet 
values (a.k.a., paralinear distances). Distance methods, such as LogDet, attempt to measure the 
number of changes per site since two species (sequences) split. LogDet analysis provides only 
distances between sequences but does not reveal sequences, unique or otherwise. The figures 
cited only show that the disclosed genera have varying distances between common sequences of 
the psaA and psaB plastids. It cannot be concluded from Yoon whether the sequences 
establishing the paralinear distance in each genera are unique to a species. 

Consider the following example wherein sequence 1 and 2 are proximate in a given 
ancestor. 




Ancestral Sequence 



Varying sequences develop adjacent, and between, the formerly proximate sequence as 
the ancestor gives rise to diverging species. 

Species A , 

ADOO0O 



OQAD0O 

< > 

B 1 Species B 
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As shown in this example, the evolution of different sequences between ancestral 
sequence 1 and 2 yields a variance in paralineal distances (A 1 and B 1 ) sufficient to distinguish 
Species A from Species B based on LogDet values. The LogDat values, however, represent 
only the distances between the ancestral sequences and not the sequences themselves. 
Moreover, although the sequences occur in different loci, no sequence shown in either species 
is unique. 

Figure 2B, which was created using LogDet values of the rbcL gene, shows that several 
species have identical LogDet values on the species level (species identities were known prior to 
testing). (Yoon, page 1 1727). As shown, K. brevis, K. mikimotoi, Pavlova lutherii, and Pavlova 
gyrans all have LogDet values of 100 on the species level. Therefore, the method employed by 
Yoon is not capable of detecting K. brevis in a sample because numerous species would provide 
false positives using the methods of Yoon. 

Next, the Office claims that a BLAST search performed by the Office indicates that the 
primers taught by Yoon amplify a region unique to K. brevis. (Office Action dated January 23, 
2007, page 3, lines 17-18). The Office alleges that "upon further analysis of the sequence 
amplified by the rbcL gene primers taught by Yoon (Table 2), the amplified target region 
sequence is unique to K. brevis based on a BLAST search of the 158-basepair amplicon (see 
BLAST search results) and does not share extensive homology with K. mikimotoi." (Office 
Action dated January 23, 2007, page 16, lines 8-12). 

While the Applicant appreciates the efforts of the Office, the BLAST search is an 
exercise in hindsight. A BLAST search performed by an examiner during examination does not 
establish that a primer sequence disclosed in a reference was known to be unique at the time the 
reference was authored or at the time the invention was made. As previously established, Yoon 
described all primer sequences for the rbcL gene as general (see Table 2, Yoon et al. supporting 
information; attached hereto as Exhibit C). Even assuming the Office's findings are correct, the 
Office has not established that it was known at the time the invention was made that the primers 
taught by Yoon would amplify a sequence of the rbcL gene unique to K. brevis. The BLAST 
search is also insufficient because it only reveals that K. brevis does not share extensive 
homology with K. mikimotoi, only one other species. The BLAST search does not establish the 
amplified region is unique across a range of species. 

Lastly, the Office relies on GenBank Accession No. AY1 19786 which lists 907 base 
pairs, less than two-thirds of Karenia 's rbcL gene, of linear DNA derived from the rbcL gene of 
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K. brevis. (Application, page 3, line 28). Nothing contained within the NCBI database, 
however, indicates that any of the sequences listed are unique to K. brevis or that the rbcL gene 
is a likely candidate for containing a unique sequence. Yoon discloses that the Form I rbcL gene 
is the primitive (i.e., not derived) condition in dinoflagellates, emphasizing its ubiquitous nature. 
There is also no teaching of what portion, if any, of the sequence deposited in the GenBank 
Database is unique to K. brevis, or of any method to determine same. Simply stated, the references 
do not teach or infer that a unique sequence exists on the rbcL gene. 

As Applicant has shown, Yoon does not teach a method of detecting the presence of K. 
brevis in a sample. Yoon does not teach a sequence of the rbcL gene that is unique to K. brevis, 
or that the rbcL gene contains a unique sequence. Assuming, arguendo, that the primer 
sequences taught by Yoon amplify a region of the rbcL gene that is unique to K. brevis, nothing 
in Yoon indicates such and, therefore, one of ordinary skill in the art at the time the invention 
was made would not be motivated to use the sequences taught by Yoon. Moreover, there was 
no reasonable expectation of success based on the fact that Yoon is silent as to the uniqueness 
of the rbcL gene of K. brevis as well as Yoon's categorization of the rbcL primers as general . 
The remaining references are moot regarding the claimed invention and do not support a 
finding of obviousness with or without Yoon. 

For these reasons, Yoon et al. in view of Buck et al. and further in view of GenBank 
Accession No. AY1 19786 fail to render the claimed invention obvious. It is therefore 
respectfully requested that the rejection under 35 U.S.C. 103(a) be reversed. 

II. The Office erred in rejecting claims 19-21, 24 and 25 under 35 U.S.C. 
§103(a) as being obvious over Yoon et al. in view of Bowers at al. and 
further in view of Wilson et al. and further in view of Buck et al. and in still 
further view of GenBank Accession No. AY1 19786 because Yoon does not 
teach any of the elements of claim 16. 
The Office asserts that "it would have been prima facie obvious... to combine the methods 
of Yoon, Bowers and Wilson [because] Yoon teaches the detection of a sequence specific to K. 
brevis in the rbcL gene using a reverse-transcriptase polymerase chain reaction method," and 
"Bowers describes a real-time polymerase chain reaction using an internal fluorescent probe to 
detect harmful dinoflagellates in a rapid, homogenous assay," and lastly that "Wilson teaches 
methods to design species-specific primers in order to detect single species in samples containing 
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many different related or unrelated species." (Office Action dated January 23, 2007, page 8, lines 
10-17). As previously demonstrated, Yoon does not teach a method of detecting K. brevis at all. 

The Office then concludes, without factual support, that "an ordinary practitioner would 
have been motivated to combine these methods to provide a rapid test for harmful algal bloom 
species that results in an added level of specificity compared with assays based on traditional PCR 
methodology." (Office Action dated January 23, 2007, page 8, lines 17 -20). 

The specific primers claimed are rejected by reliance on the "recent" court decision In re 
Deuel. (51 F.3d 1552 (Fed. Cir. 1995). In Deuel, as admitted by the Office, the Court of Appeals 
for the Federal Circuit determined that the "existence of a general method of identifying a specific 
DNA does not make the specific DNA obvious." (Office Action dated February 28, 2006, page 16, 
lines 10-12). It is not clear, however, how this case supports the position that the mere existence of 
a general method of using sequence information for differentiating among taxa would make a 
primer for a species-specific sequence obvious. 

The Office quotes from Deuel, stating that "a prior art compound may suggest its homologs 
because homologs often have similar properties and therefore chemists of ordinary skill would 
ordinarily contemplate making them to try to obtain compounds with improved properties." Id. at 
17-20. The following paragraph from Deuel, which was not provided by the Office, however, 
states: 

In all of these cases, however, the prior art teaches a specific, 
structurally-definable compound and the question becomes whether 
the prior art would have suggested making the specific molecular 
modifications necessary to achieve the claimed invention. (In re 
Deuel at 1558). 

The references, alone or in combination, do not disclose a specific, structurally-definable sequence 
unique to K. brevis. 

Moreover, Deuel unambiguously states that "a prima facie case of unpatentability requires 
that the teachings of the prior art suggest the claimed compounds to a person of ordinary skill in the 
art" when new chemical entities are claimed in structural terms. (Id. at 1557, emphasis in original). 

Deuel makes it clear that "while the general idea of the claimed molecules, their function, 
and their general chemical nature may have been obvious from the prior art, and that the 
knowledge that some sequence exists, the precise molecules are not obvious without a teaching of 
the claimed, or closely related, molecule. (Id. at 1558). The Court expressly stated that "[a] 
general motivation to search for some gene that exists does not necessarily make obvious a 



14 



specifically-defined gene that is subsequently obtained as a result of that search." (Id.). Here, as 

was the case in Deuel, more is needed to support a finding of obviousness. (Id.). 

The Office next asserts that Buck provides evidence of the equivalence of primers. (Office 

Action dated January 23, 2007, page 10, line 8; page 15, line 2). Applicant respectfully points out 

that none of the references teach a specific primer of which the claimed invention can be an 

equivalent. The Office continues, however, placing the following "emphasis" on Buck's findings: 

Buck found that EVERY SINGLE PRIMER worked (see page 533, 
column 1). Only one primer ever failed, No. 8, and that primer 
functioned when repeated. Further, EVERY SINGLE CONTROL 
PRIMER functioned as well (see page 533, column 1). (Office 
Action dated January 23, 2007, page 10, lines 14 -17; page 15, lines 
8-11, emphasis in original). 

Applicant respectfully disagrees with the Offices characterization of Buck. The broad 

interpretation given to Buck by the Office would render all primers obvious. The rejection also 

disregards the unobvious and indispensable element of deciding which sequence to amplify. Just 

as it is improper to pick and choose elements from the prior art to construct a finding of 

obviousness, it is improper to pick and choose portions of a particular reference without 

considering the reference as a whole. An accurate characterization of Buck's findings is clearly 

outlined in the abstract. 

We conclude that under optimal sequencing conditions with highly 
pure template and primer, many of the commonly applied primer 
design parameters are dispensable." (Buck, page 528, Abstract, 
emphasis added). 

In Buck, a panel of 95 primers were synthesized as controls and 69 primers were submitted 

as tests. (Buck, page 530, column 1). "The plasmid template was preselected to contain a test 

sequence lacking obstacles to sequence extension... and purified by double banding in CsCl- 

ethidium bromide isopycnic density gradients." (Buck, page 530, column 2, emphasis added). In 

short, the template was cherry-picked for success, as evidenced by the statement in Buck that "this 

template was extremely pure and optimal for sequencing." (Id. at 535, column 2). Creating an 

ideal environment with a template consisting of best-case scenario design can hardly be equated to 

a real-world environment. Buck clearly states that template purity and technical expertise 

"possibly played greater rolls" in the success experienced, rather than the obviousness of the 

primers. (Id. at 535, column 2). The Office has also disregarded the disclaimer: 

Different results may be obtained using less carefully purified DNA 
templates with unusual sequences or structures in less rigorously 
controlled sequencing operations. (Id. at 536, column 1). 
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Regardless of the inadequacies of the prima facie case, claims 19-21, 24 and 25 depend 
from^ claim 16. Claim 16 has been shown to be nonobvious over the prior art, supra. It is well 
settled that if an independent claim is nonobvious under 35 U.S.C. § 103(a), then any claim 
depending therefrom is nonobvious as a matter of law. (MPEP §2143.03; see also In re Fine, 
837 F.2d 1071 (Fed. Cir. 1988)). Therefore, the rejection of claims 19-21, 24 and 25 is 
improper and should be reversed. 

IV. The Office erred in rejecting claims 26-30 under 35 U.S.C. §103(a) as being 
obvious over Yoon et al. in view of Leone et al. and further in view of 
Wilson et al. and further in view of Buck et al. and in still further view of 
GenBank Accession No. AY1 19786 because Yoon does not teach any of the 
elements of claim 16. 

Lastly, claims 26-30 stand rejected under 35 U.S.C. § 103(a) as being anticipated by 
Yoon et al. in view of Leone et al. and further in view of Wilson et al. and further in view of 
Buck et al. and in still further view of GenBank Accession No. AY1 19786. Here the Office 
asserts that Yoon, in view of Buck and GenBank Accession No. AY1 19786, teaches the 
limitations of claims 16-18. Applicant has shown, supra, this is not the case. 

The Office then alleges that, with regard to claims 27 and 30, Yoon teaches that the 
primers specific to a target region of the K. brevis rbcL gene consisting of SEQ. ID. No. 4 
(Table 1 and GenBank Accession No. AY1 19786, positions 733-751) and SEQ. ID. NO. 5 
(Table 1 and GenBank Accession No. AY1 19786, positions 819-798) to generate an 87-base 
pair amplicon (from positions 733 to 819 of GenBank Accession No. AY1 19786). (Office 
Action dated January 23, 2007, page 11, lines 10-18). Here, the Office claims the primer 
sequences, SEQ. ID. NOs. 4 and 5, are disclosed in the DNA disclosed in GenBank Accession 
No. AY1 19786, positions 733-751 and positions 819-798. Id. The Office points to the same 
DNA sequence to show both the primers and the target, which is scientifically flawed. 
Moreover, Applicant does not claim the DNA sequences of the rbcL gene but rather a primer 
having a sequence consisting of SEQ. ID. NO. 4 and SEQ. ID. NO. 5. The Office has not 
shown why an artisan would select primers which consist of those sequences. 

Regardless of the inadequacies of the prima facie case, claims 26-30 depend from claim 
16. Claim 16 has been shown above to be nonobvious over the prior art. It is well settled that 
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if an independent claim is nonobvious under 35 U.S.C. § 103(a), then any claim depending 
therefrom is nonobvious as a matter of law. (MPEP §2143.03; see also In re Fine, 837 F.2d 
1071). Therefore, the rejection of claims 26-30 is improper and should be reversed. 
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8. CLAIMS APPENDIX 



Serial No: 

Filed: 

Title: 



10/707,747 

08 January 2004 

Detection of Red Tide Organisms by Nucleic Acid Amplification 



REJECTED CLAIMS 



16. A method for screening a sample for the presence of K. brevis, comprising: 

subjecting the sample to amplification using a pair of oligonucleotide primers capable of 
amplifying a target region of the ribulose 1, 5-biphosphate carboxylase-oxygenase large 
subunit (rbcL) of K. brevis; and 

assaying the mRNA for the presence of the amplified target region of the ribulose 1, 5- 
biphosphate carboxylase-oxygenase large subunit (rbcL) unique to K. brevis. 

17. The method of claim 16 wherein the pair of oligonucleotide primers specifically amplify 
mRNA od a target region of the ribulose 1, 5-biphosphate carboxylase-oxygenase large 
subunit (rbcL) of K. brevis and do not amplify a region of the ribulose 1, 5-biphosphate 
carboxylase-oxygenase large subunit (rbcL) ofK. mikimotoi. 

18. The method of claim 16 wherein the target region of the ribulose 1, 5-biphosphate 
carboxylase-oxygenase large subunit (rbcL) of K. brevis is about 87 to 91 base pairs in 
length 

19. The method of claim 16 wherein the amplification process is selected from the group 
consisting of real-time reverse-transcriptase polymerase chain reaction and quantitative 
thermocycling. 

20. The method of claim 19 wherein the pair of oligonucleotide primers consist of SEQ. ID. 
No. 1 and SEQ. ID. No. 2. 

21. The method of claim 20 wherein the pair of oligonucleotide primers are specific to a target 
region of the ribulose 1, 5-biphosphate carboxylase-oxygenase large subunit (rbcL) of K. 
brevis about 91 base pairs in length. 

24. The method of claim 20 wherein the amplification process is applied to the sample in the 
presence of a probe. 

25. The method of claim 24 wherein the probe consists of SEQ. ID. No. 6. 
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26. The method of claim 1 6 wherein the amplification process is real time nucleic acid 
sequence based amplification. 

27. The method of claim 26 wherein the pair of oligonucleotide primers consist of SEQ. ID. 
No. 4 and SEQ. ID. No. 5. 

28. The method of claim 26 wherein the amplification process is applied to sample in the 
presence of a probe. 

29. The method of claim 28 wherein the probe comprises a nucleotide sequence consisting of 
SEQ. ID. No. 3. 

30. The method of claim 26 wherein the pair of oligonucleotide primers is specific to a target 
region of the ribulose 1, 5-biphosphate carboxylase-oxygenase large subunit (rbcL) of K. 
brevis about 87 base pairs in length. 
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9. EVIDENCE APPENDIX 



Exhibit A: Yoon et al., A Single Origin of the Peridinin- and Fucoxanthin- 
Containing Plastids in Dinoflagellates Through Tertiary Endosymbiosis; 
(Proc. Natl. Acad. Sci. USA. (2002) 99: 1 1724-1 1729). 

Exhibit B: Yoon et al., A Single Origin of the Peridinin- and Fucoxanthin- 
Containing Plastids in Dinoflagellates Through Tertiary Endosymbiosis, 
Supporting information, Table 1 ; 
http://www.pnas.Org/cgi/content/full/l 72234799/DC1/1 . 

Exhibit C: Yoon et al., A Single Origin of the Peridinin- and Fucoxanthin- 
Containing Plastids in Dinoflagellates Through Tertiary Endosymbiosis, 
Supporting information, Table 2; 
http://www.pnas.Org/cgi/content/full/172234799/DCl/2 

Exhibit D: GenBank Accession No. AY1 19786; 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi ?db=nuccore&id=2 19136 
74 



Exhibit E: Center for Culture of Marine Phytoplankton catalog, CCMP71 8 Karenia 
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The most widely distributed dinoflagellate plastid contains chlo- 
rophyll C2 and peridinin as the major carotenoid. A second plastid 
type, found in taxa such as Karlodinium micrum and Karenia spp., 
contains chlorophylls c ( + c 2 and 19'-hexanoyloxy-fucoxanthin 
and/or 19'-butanoyloxy-fucoxanthin but lacks peridinin. Because 
the presence of chlorophylls c 7 + c 2 and fucoxanthin is typical of 
haptophyte algae, the second plastid type is believed to have 
originated from a haptophyte tertiary endosymbiosis in an ances- 
tral peridinin-containing dinoflagellate. This hypothesis has, how- 
ever, never been thoroughly tested in plastid trees that contain 
genes from both peridinin- and fucoxanthin-containing dinoflagel- 
lates. To address this issue, we sequenced the plastid-encoded 
psaA (photosystem I P700 chlorophyll a apoprotein A1), psbA 
(photosystem II reaction center protein D1), and "Form I" rod. 
(ribulose-1,5-bisphosphate carboxylase/oxygenase) genes from 
various red and dinoflagellate algae. The combined psaA + psbA 
tree shows significant support for the monophyly of peridinin- and 
fucoxanthin-containing dinoflagellates as sister to the hapto- 
phytes. The monophyly with haptophytes is robustly recovered in 
the psbA phylogeny in which we increased the sampling of 
dinoflagellates to 14 species. As expected from previous analyses, 
the fucoxanthin-containing dinoflagellates formed a well- 
supported sister group with haptophytes in the rod. tree. Based on 
these analyses, we postulate that the plastid of peridinin- and 
fucoxanthin-containing dinoflagellates originated from a hapto- 
phyte tertiary endosymbiosis that occurred before the split of 
these lineages. Our findings imply that the presence of chloro- 
phylls Ci + C2 and fucoxanthin, and the Form I rod. gene are in fact 
the primitive (not derived, as widely believed) condition in 
dinoflagellates. 

^\ ne of the most intriguing stories in plastid evolution is found 
^✓in the dinoflagellate algae. This diverse, predominantly 
unicellular group is characterized by having one transverse and 
one longitudinal flagellum and a distinct layer that lies beneath 
the cell membrane (the amphiesma). Only about one-half of 
dinoflagellates are photosynthetic and many of these species are 
mixotrophic (1). Some heterotrophic dinoflagellates have ac- 
quired a temporary plastid in their cytoplasm (2). Others, such 
as Symbiodiniwn spp., are themselves endosymbionts of corals 
(3). Regardless of trophic condition, the dinoflagellates are 
an important component of marine ecosystems as symbionts 
and primary producers, and as the main source of toxic red 
tides (1, 4). 

Photosynthetic dinoflagellates contain several types of plas- 
tids. The most common type is a 3-membrane bound plastid that 
contains chlorophyll Ci with peridinin as the main carotenoid (5, 
6). Secondary endosymbiosis, in which a photosynthetic eu- 
karyote (in this case, a red alga) was engulfed by a nonphoto- 
synthetic protist, is widely accepted as the origin of this plastid 
(7-11). Peridinin is believed to have evolved in the plastid of the 
ancestral dinoflagellate, with other plastid types being subse- 
quent replacements of this organelle through tertiary (the 
uptake of an alga containing a secondary endosymbiont) endo- 
symbiosis (11). A second type of plastid found in Karenia brevis 
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(as Gymnodinium breve), Karenia mikimotoi (as Cymnodinium 
mikimotoi), and Karlodinium micrum (as Gymnodinium galathea- 
num) (12) is surrounded by three membranes and contains 
chlorophylls c, + c 2 and 19'-hexanoyloxy-fucoxanthin and/or 
19'-butanoyloxy-fucoxanthin, but lacks peridinin (6, 13, 14). 
These taxa are believed to be monophyletic, and their plastid is 
believed to have originated from a haptophyte alga through a 
tertiary endosymbiosis in their common ancestor (15). Hapto- 
phyte algae are primarily unicellular marine taxa that have 
external body scales composed of calcium carbonate known as 
coccoliths, two anterior f lagella, and plastids surrounded by four 
membranes. Haptophyte plastids also contain chlorophylls c, + 
c 2 and fucoxanthin (6). Tertiary endosymbiosis explains the 
origin of the plastid in several other dinoflagellates: crypto- 
monad-like plastid (i.e., Dinophysis acuminata; ref. 16), diatom- 
like plastid (i.e., Peridinium foliaceum; refs. 17 and 18), and 
prasinophyte-like plastid (i.e., Lepidodinium viride; ref. 19). Like 
Karlodinium and Karenia, all dinoflagellates containing anom- 
alous plastids are thought to trace their ancestry to a peridinin- 
containing common ancestor (10, 15). A single study using 
limited photosystem II reaction center protein Dl (psbA) data 
has suggested otherwise, i.e., that both fucoxanthin and peridinin 
dinoflagellates may share a single plastid ancestor, although no 
haptophytes were included in this analysis (20). 

The idea that plastids with fucoxanthin are the result of a 
replacement of the secondary, peridinin-containing plastid in 
Karenia and Karolodinium has yet to be rigorously tested by using 
phylogenies that contain sequence data from both types of 
plastids. To address this gap in our knowledge, we sequenced 36 
psaA (photosystem I P700 chlorophyll a apoprotein Al), 36 
psbA, and 23 "Form I" rbch (ribulose-l,5-bisphosphate carbox- 
ylase/oxygenase) plastid-encoded coding regions from various 
red and dinoflagellate algae. These sequences were analyzed to 
infer a phylogeny with both peridinin- and fucoxanthin- 
containing dinoflagellate plastids in a context of broad taxon 
sampling. 

Materials and Methods 

Algal Cultures and Sequencing. The algal cultures were obtained 
from the Culture Collection of Algae and Protozoa (CCAP; 
Dunbeg, United Kingdom), Provasoli-Guillard National Center 
for Culture of Marine Phytoplankton (CCMP, West Boothbay 
Harbor, ME), the Sammlung von Algenkulturen (SAG) at the 
University of Gottingen (Gottingen, Germany), and the Culture 
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Collection of Algae at the University of Texas at Austin 
(UTEX). Some of Cyanidiales red algae were collected in the 
field and maintained at the Dipartimento di Biologia Vegetale 
(DBV) culture collection at the University of Naples, Italy. 
Chondrus crispus and Palmaria palmata were collected from 
Nova Scotia and Maine. The species, strain numbers and col- 
lection sites of these taxa are listed in Table 1, which is published 
as supporting information on the PNAS web site, www.pnas.org. 
The algal cultures were frozen in liquid nitrogen, and ground 
with glass beads by using a glass rod and/or MiniBeadBeater 
(Biospec Products, Bartlesville, OK). Total genomic DNA was 
extracted by using the DNeasy Plant Mini kit (Qiagen, Valencia, 
CA). PCRs were done by using specific primers for each of the 
plastid genes (Table 2, which is published as supporting infor- 
mation on the PNAS web site). The presence of highly variable 
third codon positions in the psaA gene led us to use species- 
specific primers based on sequences in sister species. Because 
introns were found in the psaA gene of some red algae, the 
reverse transcription (RT)-PCR method was used to isolate 
cDNA. For the RT-PCR, total RNA was extracted by using the 
RNeasy Mini kit (Qiagen). To synthesize cDNA from total 
RNA, Moloney murine leukemia virus Reverse Transcriptase 
(GIBCO/BRL) was used following the manufacturer's protocol. 
PCR products were purified by using the QIAquick PCR Puri- 
fication kit (Qiagen), and were used for direct sequencing with 
the BigDye Terminator Cycle Sequencing kit (Applied Biosys- 
tems), and an ABI-3100 at the Center for Comparative Genom- 
ics at the University of Iowa. Some PCR products were cloned 
into pGEM-T vector (Promega) before sequencing. 

Phylogenetic Analyses. Sequences were manually aligned by using 
seqpup (21). The data sets used in the phylogenetic analyses are 
available from D.B. In the first analysis, we used a collection of 
concatenated psaA and psbA genes that contained 22 rhodo- 
phytes, 4 cryptophytes, 7 haptophytes, 4 stramenopiles, 7 
dinoflagellates, 2 chlorophytes, and a glaucophyte as the out- 
group. In the second analysis of a psbA data set, we added 8 
peridinin-containing dinoflagellates, 3 stramenopiles, and 1 
cryptophyte. In the third data set of rbch sequences, we used 40 
taxa that contained the "red-type Form I" rbcL gene (i.e., 
excluding the chlorophyte, glaucophyte, and peridinin- 
containing dinoflagellates, see ref. 22), with the Cyanidiales red 
algae as the outgroup. Trees were inferred with the minimum 
evolution (ME) method using LogDet (ME-LgD) distances (23) 
and the PAUP'4.0b8 (24) computer program. Ten heuristic 
searches with random-addition-sequence starting trees and tree 
bisection and reconnection branch rearrangements were done to 
find the optimal ME tree. To test the stability of monophyletic 
groups in the ME tree, 2,000 bootstrap replicates were analyzed 
(25) with the DNA (LogDet distance) and protein (Poisson 
corrected distances, mega vzo; ref. 26) data sets (ME-Pr). We 
also conducted Bayesian analysis of the DNA data (mrbayes 
V2.o; Ba-D; ref. 27) using a general time reversible (GTR) model 
and a site-specific 7 parameter for each codon site. Bayesian 
posterior probabilities are roughly equivalent to maximum like- 
lihood bootstrap analysis (28, 29). Markov chain Monte Carlo 
(MCMC) from a random starting tree was initiated in the 
Bayesian inference and run for 500,000 generations. A consensus 
tree was made with the MCMC trees after convergence. For the 
rbch data, the GTR + I + T model was used in the Bayesian 
inference using only first + second codon positions (810 nt). 

The Shimodaira-Hasegawa (SH) nonparametric bootstrap 
test was used to compare alternative phylogenetic hypotheses 
regarding the position of peridinin- and fucoxanthin-containing 
dinoflagellates (30). The SH test was done by using PAUP*v4.08b, 
with rell (resampling estimated log-likelihood) optimization, 
and 100,000 bootstrap replicates. 
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Results 

PsaA + PsbA Phytogeny. A total 2,352 nucleotides and 784 amino 
acids from 47 taxa were used in the analysis of the psaA + psbA 
data set. The ME-LgD tree of the concatenated sequences 
shows strong support for the monophyly of fucoxanthin- and 
peridinin-containing dinoflagellates (ME-LgD = 99%, ME- 
Pr = 99%, Fig. L4). The dinoflagellates are positioned as sister 
to the haptophytes with robust bootstrap support and a signif- 
icant Bayesian posterior probability for this node (ME-LgD = 
100%, ME-Pr = 77%, Ba-D = 1.0). Use of only first and second, 
or only the most highly conserved second codon positions of the 
psaA + psbA data set in ME-LgD analyses also recovered 
monophyly of fucoxanthin- and peridinin-containing dinof lagel- 
late plastids (results not shown). In Fig. \A,P.foliaceum is nested 
within the Skeletonema and OdonteUa clade with strong boot- 
strap and Bayesian support, confirming its origin from a diatom 
through plastid replacement (17, 18). 

We tested alternative hypotheses by using the data set of all 
three codon positions of psaA + psbA and the SH test (Fig. IB). 
In these analyses, the paraphyly of the fucoxanthin-containing 
dinoflagellates was not rejected (Fig. IB, tree 1; P = 0.296), 
whereas the monophyly of peridinin-containing and rhodophyte 
plastids (the conventional hypothesis; Fig IB, tree 2; P < 0.000) 
and stramenopiles plastids (Fig. IB, tree 3; P = 0.004) was 
resoundingly rejected. Forcing two independent origins of peri- 
dinin in the plastids of Amphidinium and Heterocapsa resulted in 
a significantly worse tree (Fig. IB, trees 4 and 5), suggesting that 
peridinin had a single origin as shown in Fig. \A. 

PsbA Phytogeny. The ME-LgD tree of psbA sequences, which was 
inferred from a data set of 957 nucleotides and 319 amino acids 
from 59 taxa, shows a very similar topology to the psaA + psbA 
phylogeny. The dinoflagellates form a monophyletic clade with 
haptophytes (Fig. 2A), The dinoflagellates + haptophytes clade 
is positioned as sister to the stramenopiles, with moderate to 
strong support in the minimum evolution (ME-Pr = 78%) and 
Bayesian (P = 1 .0) analyses. Within the dinof lagellate clade, the 
11 peridinin-containing species are monophyletic with strong 
support (ME-LgD = 88%, ME-Pr = 99%, Ba-D = 1.0), 
whereas the fucoxanthin-containing species are paraphyletic at 
the base of this lineage, consistent with the SH test using the 
psaA + psbA data (Fig. IB, tree 1). The peridinin-containing 
dinoflagellates form two major clades, one that includes Am- 
phidinium + Heterocapsa, and a second that contains the re- 
mainder of the species. Again, use of first and second, or only the 
second codon positions of the psbA data set in ME-LgD analyses 
showed monophyly of fucoxanthin- and peridinin-containing 
dinoflagellate plastids (results not shown). As found above, the 
P. foliacewn psbA sequence grouped with the diatoms (i.e., with 
OdonteUa and Skeletonema). 

RbcL Phylogeny. The ME-LgD analysis of the first and second 
codon positions of the "Form I" rbcL gene supports the sister 
group relationship of fucoxanthin-containing dinoflagellate and 
haptophyte plastids with a significant Bayesian posterior prob- 
ability (P = 0.98; Fig. 2B) for this node (see Fig. 4, which is 
published as supporting information on the PNAS web site, for 
the complete tree). The ME-LgD and ME-Pr bootstrap analyses 
provided, however, only weak support for dinoflagellate- 
haptophyte monophyly (65% and 31%, respectively). The usage 
of all three rbcL codon positions in the ME-LgD analysis 
resulted in a phylogeny that did not support the monophyly of 
fucoxanthin-containing and haptophyte plastids. The branch 
lengths within the Karlodinium-Karenia clade were, however, 
relatively long compared with the haptophyte rbcL sequences 
when third codons positions were included. This likely explains 
the "attraction" (31) of the fucoxanthin clade to the outgroup 
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Fig. 1. Phylogeny of red algal and red algal-derived plastids by using the combined psaA and psbA sequences. {A) Minimum evolution tree using LogDet 
distances. The bold letters indicate all dinoflagellates, whereas the underlined taxa contain fucoxanthin. A total of 2,352 nucleotides were considered. The 
LogDet bootstrap values (2,000 replications) are shown above the branches, and ME protein Poisson bootstrap values are shown below the branches. The thick 
branches denote >95% posterior probability for groups to the right resulting from a Bayesian inference. A total of 500,000 MCMC generations were run, and 
the posterior probabilities were determined from 4,368 probable trees. (S) Comparison of the best ME-LgD tree to alternative topologies by using the 
nonparametric SH bootstrap test. The best tree favored a sister group relationship of peridinin- and fucoxanthin-containing dinoflagellates plastids, however, 
not significantly (tree 1). The monophyly of dinoflagellate and haptophyte plastid (trees 2 and 3), and the single origin of peridinin-containing dinoflagellate 
is, however, significantly supported (trees 4 and 5). 



Cyanidiales in this tree (results not shown). In support of this 
hypothesis, use of -y-corrected distances (ME-GTR + I + T) 
recovered the monophyly of fucoxanthin-containing and hapto- 
phyte plastids and Bayesian inference by using the rbch amino 
acid sequences and the JTT + T model showed a significant 
posterior probability for the node uniting fucoxanthin- 
containing and haptophyte plastids (P = 1.0; results not shown). 
These data provide strong support, therefore, for the monophyly 
of fucoxanthin-containing and haptophyte plastids. Our results, 
using an expanded data set of rbch sequences, is consistent with 
previous reports (32). The two genera of fucoxanthin-containing 
dinoflagellates, Karenia and Kariodinium, are paraphyletic at the 
base of haptophyte clade, a result that is also found in the psbA 
tree. 

Additional Analyses. We did ME-LgD and Bayesian analyses that 
included published plastid 16S rRNA data, by using the most 



highly conserved regions of this gene (678 nucleotides). A 
multigene tree of the concatenated sequences of 16S rRNA + 
psaA + psbA (3,030 nucleotides) that included 3 fucoxanthin- 
and a peridinin-containing dinoflagellate (Heterocapsa triquetra) 
showed significant support for the sister group relationship of 
dinoflagellates and haptophytes (ME-LgD = 98%, Ba-D = 
0.98; see Fig. 5, which is published as supporting information on 
the PNAS web site). The ME-LgD tree using/waA alone showed 
a similar topology to the phylogenies inferred from psbA alone 
(Fig. 2A) and from psaA + psbA (Fig. \A). There was moderate 
bootstrap support in the psaA protein analysis (ME-Pr = 78%) 
and poor support in the minimum evolution analyses (ME- 
LgD = 54%) for the sister group relationship of dinoflagellates 
and haptophytes (results not shown). 

We also tested for mutational saturation in the data sets used 
for phylogenetic analyses by correcting for multiple substitutions 
using the HKY85 model (DNA) and JTT model (protein). 
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Fig. 2. Phylogenyof red algal and red algal-derived plastids using psbA and rfacL sequences. (A) Minimum evolution pst)A tree using LogDet distances. The bold 
letters indicate all dinof lagellates, whereas the underlined taxa contain fucoxanthin. A total of 957 nucleotides were considered. The LogDet bootstrap values 
(2,000 replications) are shown above the branches and ME protein Poisson bootstrap values are shown below the branches. The thick branches denote >95% 
posterior probability for groups to the right resulting from a Bayesian inference. A total of 500,000 MCMC generations were run and the posterior probabilities 
were determined from 4,141 probable trees. (S) Minimum evolution rbct. tree using LogDet distances. Only the subtree containing the fucoxanthin-containing 
dinof lagellates (underlined) isshown. The entire tree isshown as Fig. 4. A total of 810 nucleotides (only first and second positions) were considered. The bootstrap 
and Bayesian inference (4,593 probable trees) were done as above. 



Corrected versus uncorrected distances were plotted for the 
psaA + psbA DNA data set using all three positions, and for the 
psaA + psbA protein data (Fig. 6A, which is published as 
supporting information on the PNAS web site). This analysis 
showed minimal mutational saturation, although the DNA data 
showed slightly more saturation among distantly related taxa 
than did the protein data. We also analyzed first + second versus 
third codon positions for these genes (Fig. 6B). The first + 
second positions have a nearly linear relationship over much of 
the data set, whereas third positions show considerable satura- 
tion for highly divergent taxa suggesting that these data are less 
useful for resolving deep evolutionary relationships (Fig. 6B). 

Discussion 

Tertiary Haptophyte Plastid Replacement. Taken together, our data 
provide strong evidence for a common origin of peridinin- and 
fucoxanthin-containing dinoflagellate plastids. The monophyly 
of dinoflagellate and haptophyte plastid sequences is recovered 
in all of our phytogenies (except for the rbcL ME-LgD tree using 
all 3 codon positions; see Results); psaA + psbA (Fig. !A),psbA 
(Fig. 2A), and in the 16S rRNA + psaA + psbA analyses (Fig. 



5). Other plastid replacements in the dinoflagellates are, how- 
ever, clearly more recent events in the peridin in-containing taxa, 
such as the diatom replacement in P. foliaceum (refs. 17 and 18; 
see Figs. \A and 2A) and the cryptophyte replacement in 
Dinophysis acuminata (J.D.H., L. Maranda, H.S.Y., and D.B., 
unpublished data). Our surprising result in this study contradicts 
the conventional view that only the fucoxanthin-containing taxa 
underwent a haptophyte plastid replacement (e.g., refs. 2, 11, 
and 15) and provides a paradigm for understanding dinoflagel- 
late plastid evolution. Based on our results and the accepted 
secondary endosymbiotic origin of the haptophyte plastid (e.g., 
ref. 33), we postulate that the ancestral dinoflagellate acquired 
its plastid from a haptophyte through a tertiary plastid replace- 
ment. The SH test shows the haptophyte origin model to have 
significantly greater support than any of the alternative hypoth- 
eses (Fig. 15, trees 2 and 3), such as a red algal origin (7), or a 
stramenopiles origin (34). However, we cannot discriminate 
between a monophyletic or paraphyletic origin of the fucoxan- 
thin-containing dinoflagellates (Fig. IB). And, as previously 
shown, our data also support the monophyly of peridinin- 
containing dinoflagellates (11, 20). 
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One realistic concern about our results is that they may be an 
artifact of the relatively high divergence rate of dinof lagellate 
plastid genes rather than reflecting the true evolutionary history 
of the organelles. In this scenario, the dinof lagellate sequences 
may be "attracted" together because they share long branches 
rather than because of a monophyletic origin (31). Previous 
analyses (e.g., refs. 7 and 11) have clearly been hampered by this 
problem and the trees have often not provided an unambiguous 
placement of the dinof lagellate plastids (e.g., figure 5 in ref. 11). 
We have addressed this potentially confounding problem in the 
following ways. First, we have increased the taxon sampling for 
both red algae and their derived plastids to include all potential 
sister groups for the dinoflagellate genes and to break long 
branches that may cause homoplasious attraction. Second, we 
have used robust phylogenetic methods to ameliorate the effects 
of high divergence rates (i.e., ■y-corrected distances, Bayesian 
inference, use of protein sequences, use of only first and second 
or only the most highly conserved second codon positions) and 
a biased nucleotide content (LogDet transformation). Third, we 
have increased the phylogenetic signal by augmenting the length 
of the sequences being compared through multigene sampling. 
The fact that each gene, singly or in combination, supports the 
monophyly of fucoxanthin- and peridinin-containing dinoflagel- 
late plastids suggests to us that this result is robust and not the 
outcome of an uniform bias in all of these genes. 

The best way to correct for long-branch attraction is to sample 
slowly evolving genes (35), but this may be an improbable 
solution for dinof lagellates because all plastid genes that have 
been studied until now have elevated divergence rates (e.g., refs. 
7, 11, and 20). However, our analyses of pairwise sequence 
distances indicate that the psaA and psbA coding regions do not 
show extensive mutational saturation and that even the third 
positions of these sequences encode phylogenetic signal (see Fig. 
6). Use of nuclear-encoded photosynthetic genes would be 
another possible solution, but we predict that many of these 
genes would support a red algal ancestry of the dinoflagellate 
plastid because they trace their origin to the initial secondary 
endosymbiosis (36). Some plastid-targeted genes of haptophyte 
origin are also predicted to exist in the dinoflagellate nuclear 
genome as a result of gene transfer following the tertiary 
endosymbiosis. Analysis of plastid genes is, therefore, of funda- 
mental importance to understanding plastid evolution in the 
dinoflagellates. 

Given that our hypothesis of the monophyly of fucoxanthin- 
and peridinin-containing dinoflagellate plastids is correct, then 
we envision two possible scenarios for their relative order of 
divergence: (i) after the tertiary haptophytic-plastid replace- 
ment, the fucoxanthin- and peridinin-containing dinoflagellates 
diverged as sister groups (Fig. 1/1), or (ii) the peridinin- 
containing dinoflagellates emerged from within a clade of 
fucoxanthin-containing ancestors (Fig. 2A). In either case, we 
hypothesize that the fucoxanthin-containing plastid (13) should 
be regarded as the primitive condition (i.e., fucoxanthin is 
present in the plastid donor) with the presence of peridinin being 
a derived state. This idea is reinforced by the observation that 
peridinin-containing dinoflagllate plastids also share a suite of 
unique characters not found in fucoxanthin plastids (e.g., "Form 
II" rbcL gene, single-gene circles; see below), which strongly 
supports a single origin and monophyly of these taxa. However, 
our data do not allow us to determine the timing of the 
haptophyte replacement. It may have occurred at the base of the 
dinoflagellates or this tertiary plastid may have a much longer 
evolutionary history. 

A fully resolved host tree of the dinoflagellates is critical to test 
our hypothesis of a basal haptophyte replacement. Presumably, 
the topology of this tree should mirror that of the plastid trees 
given a single organelle origin. Existing analyses using nuclear 
small subunit rRNA show the fucoxanthin-containing species as 



Peridinin dlnos. Fucoxanthin dinos. 



■ gain of peridinin 

- gain of armor 
• gain of Form-ll rubisco 

- gain of single gene circles 

- loss of chl. d 

- loss of RER 

Haptophyte Plastid 

- fucoxanthin 

- M.a/cUc2 




Amoebophrya 

Noctiluca 

Perkinsida 

Apicomplexans 

Ciliates 



Photosynthetic 
ancestor of Alveolata 

Fig. 3. Putative model of plastid evolution mapped on a current "host" tree 
of the Alveolata (adapted from Saldarriaga eta/.; ref. 10). Plastid-containing 
lineages are shown with the thick branches and plastid loss is denoted with a 
filled circle. The ancestral alveolate plastid is presumed to have been lost 
multiple independent times in the aplastidial taxa (i.e., Perkinsida, Noctiluca, 
and Amoebophrya). The broken lines denote uncertainty about the evolu- 
tionary interrelationships of the aplastidial taxa. The hatchmarks indicate the 
origin of novel characters in the peridinin-containing plastids. The haptophyte 
plastid replacement is believed to have occurred at least before the split of the 
fucoxanthin-and peridinin-containing dinoflagellates. The conventional view 
of the haptophyte plastid replacement occurring on the branch uniting 
fucoxanthin-containing plastids is shown. 



an early diverging group, but with no bootstrap support for their 
monophyly or for their relationship to peridinin-containing taxa 
(10). Trees inferred with large subunit rRNA support monophyly 
of fucoxanthin-containing species but with poor support for their 
position relative to other dinoflagellates (12, 37). 

Evolution of Dinoflagellate Plastids. A model of dinoflagellate 
plastid evolution is presented in Fig. 3. This scheme presumes 
that the common ancestor of the alveolates contained a plastid 
of red algal origin (irrespective of whether it was a secondary or 
a tertiary endosymbiont; refs. 10, 34, and 36). This plastid was 
apparently lost in the ciliates, whereas in the Apicomplexa, which 
are intracellular parasites, it was reduced to a nonphotosynthetic 
organelle of unknown function (38). The branching of several 
nonphotosynthetic lineages before the divergence of the photo- 
synthetic dinoflagellates suggests that multiple plastid losses may 
have occurred (i.e., Perkinsida, Noctiluca, mdAmeobophrya; ref. 
10) in the evolution of the alveolates. Some time after the 
haptophyte replacement of the plastid, the dinoflagellates di- 
verged into two groups. One group retained the ancestral 
haptophyte characteristics in its plastid (fucoxanthin, chlorophyll 
c; + c 2 ), whereas the second group underwent several major 
changes including the evolution of peridinin (replacing fucox- 
anthin), loss of chlorophyll c,, the remarkable reduction of its 
plastid genome to single gene circles (7, 39), the development of 
cellulose armor, and the origin of a divergent nuclear encoded 
"Form II" rbcL gene (40, 41). It is possible that peridinin could 
have evolved from a modification of the ancestral fucoxanthin 
biosynthesis pathway because these are structurally related xan- 
thophylls (for details, see refs. 13 and 42). Because haptophytes 
contain a 4-membrane bound plastid, we postulate that the outer 
rough endoplasmic reticulum membrane of this organelle was 
lost after the tertiary endosymbiosis resulting in the 3 smooth 
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membranes that surround both fucoxanthin- and peridinin- 
containing dinoftagellate plastids (14). 

In summary, our results provide important insights into the 
complex evolutionary history of dinof lagellates. Previous anal- 
ysis of nuclear-encoded cytosolic genes have suggested a sister 
group relationship to the stramenopiles, indicating the host 
affinity for this group (43, 44). Nuclear-encoded, photosynthetic 
genes suggest an origin of the plastid from a red alga (34, 36). 
These genes have presumably been inherited vertically from the 
common ancestor of stramenopiles and dinof lagellates (i.e., the 
shared red algal secondary endosymbiont, refs. 34 and 36; Fig. 
3). Plastid-encoded genes of both peridinin- and fucoxanthin- 
containing dinoflagellates show a strong relationship to the 
haptophytes, indicating that a tertiary plastid replacement oc- 
curred before the split of these lineages. As stated above, our 
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model predicts the presence of plastid-targeted, nuclear- 
encoded genes (and possibly cytosolic genes) of both red algal 
and haptophyte origin in the dinof lagellate nucleus. A genome- 
wide approach will most likely be necessary to understand fully 
the relative contributions of these successive endosymbioses to 
dinoflagellate evolution. Most remarkably, some of the peri- 
dinin-containing taxa have gone on to replace their plastid yet 
again [e.g., P. foliaceum (17, 18) and Dinophysis (16)]. The 
genomic contribution of these additional rounds of endosym- 
biosis to dinoflagellate evolution also remains to be determined. 
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Taxa 




GenBank accession nos. 


Source 


psaA 


psbX 


rbcL 


Rhodophyte 


Cyanidioschyzon 
merolae 


DBV 201 
JAVA 


AY1 19693 


AY 119729 


AY 119765 




DBV 001 
NAPS 


AY 119694 


AY1 19730 


AY 119766 


Cyanidium caldarium 


RK1 


AF022186 


AF022186 


AF022186 


Galdieria 
sulphuraria 


SAG 108.79 


AY1 19695 


AY1 19731 


AY 119767 




DBV 009 
VTNE 


AY1 19696 


AY1 19732 


AY1 19768 




DBV 063 
AGCS 


AY1 19697 


AY1 19733 


AY 119769 


Bangia atropurpurea 


SAG 33.94 


AY 119698 


AY1 19734 


AY 119770 


Bangia 

fuscopurpurea 


SAG 59.81 


AY1 19699 


AY1 19735 


AY1 19771 
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Bangiopsis 
subsimplex 


PR21 


AY 119700 


AY1 19736 


AY1 19772 


Compsopogon 
coeruleus 


SAG 36.94 


AY1 19701 


AY1 19737 


AF087116 


Dixoniella grisea 


SAG 39.94 


AY1 19702 


AY1 19738 


AY1 19773 


Erythrotrichia carnea 


UTEX LB 1425 


AY1 19703 


AY1 19739 


AF087118 


Flintiella sanguinaria 


SAG 40.94 


AY1 19704 


AY1 19740 


AY1 19774 


Porphyra purpurea 


GenBank 


U38804 


U38804 


U38804 


Porphyridium 
aerugineum 


SAG 1380-2 


AY 119705 


AY1 19741 


AY1 19775 


Rhodella violacea 


SAG 115.79 


AY1 19706 


AY1 19742 


AY1 19776 


Rhodochaete parvula 


UTEX LB 2715 


AY1 19707 


AY1 19743 


AY1 19777 


Rhodosorus marinus 


SAG 116.79 


AY1 19708 


AY1 19744 


AY1 19778 


Stylonema alsidii 


SAG 2.94 


AY 119709 


AY1 19745 


AY 119779 


Chondrus crispus 


Nova Scotia, 
Canada 


AY1 19710 


AY1 19746 


U02984 


Palmaria palmata 


Maine, USA 


AY1 19711 


U28165 


U28421 


Thorea violacea 


SAG 51.94 


AY1 19712 


AY 119747 


AF029160 


Cryptophyte 


Chilomonas 
Paramecium 


SAG 977.2a 


Missing 


AY 119748 


AY1 19780 


Chroomonas sp. 


SAG 980-1 


AY1 19713 


AY 11 9749 


AY1 19781 


Guillardia theta 


GenBank 


AF041468 


AF041468 


AF041468 


Pyrenomonas 
helgolandii 


SAG 28.87 


AY1 19714 


AY1 19750 


AY1 19782 


Rhodomonas 
abbreviata 


CCAP 979/16 


AY1 19715 


AY1 19751 




Haptophyte 


Emiliania huxleyi 


SAG 33.90 


AY1 19716 


AY1 19752 


AB043631 
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Isochrysis sp. 


SAG 927-2 


AY1 19717 


AY 119753 


AY 119783 


Pavlova gyrans 


CCMP 607 


AY1 19718 


AY1 19754 


AY 119784 


Pavlova lutherii 


CCMP 1325 


AY1 19719 


AY1 19755 


AY 119785 


Phaeocystis 
antarctica 


CCAP 943/5 


AY 119720 


AY 119756 


— 


Pleurochrysis 
carterae 


CCAP 961/1 


AY1 19721 


AY1 19757 


D11140 


Prymnesium parvum 


UTEX LB 995 


AY 11 9722 


AY1 19758 


AB043698 


Stramenopiles 


Heterosigma 
akashiwo 


CCMP 1595 


AY1 19723 


AY1 19759 


X61918 


Odontella sinensis 


GenBank 


Z67753 


Z67753 


Z67753 


Pylaiella littoralis 


CCMP 1907 


AY1 19724 


AY1 19760 


X55372 


Skeletonema 
costatum 


CCMP 1332 


AY1 19725 


AY1 19761 


AF0 15569 


Bumilleriopsis 
filiformis 


SAG 809-2 




X79223 




Ectocarpus 
siliculosus 


GenBank 




X56695 




Vaucheria litorea 


GenBank 




AF227740 




Dinoflagellate 


Karenia brevis 


CCMP 718 


AY1 19726 


AY 119762 


AY1 19786 


Karlodinium micrum 


CCMP 415 


AY1 19727 


AY1 19763 


AY1 19787 


Peridinium foliaceum 


CCMP 1326 


AY1 19728 


AY 119764 


U31876 


Karenia mikimotoi 


G303ax-2 


AB027235 


AB027234 


AB034635 


Heterocapsa 
triquetra 


CCMP 449 


AF130031 


AF130033 




Amphidinium 
operculatum 


CCAP 1102/6 


AJ250264 


AJ250262 




Amphidinium 


CS-21 


AJ3 11631 


AF206672 
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carterae 










Alexandrium 
catenella 


TN7 


- 


AB025590 


- 


Alexandrium 
tamarense 


OF151 




AB025589 




Gonyaulax polyedra 


GenBank 




AB025588 




Heterocapsa niei 


CCMP 447 




AF206709 




Heterocapsa 
pygmaea 


CCMP 1490 




AF206707 




Prorocentrum micans 


NIES-12 




AB025585 




Scrippsiella 
trochoidea 


NEPCC D602 


- 


AF206710 


- 


Thoracosphaera 
heimii 


NEPCC D670 




AF206712 




Chlorophyte 


Mesostigma viride 


NIES-296 


AF166114 


AF166114 




Nephroselmis 
olivacea 


NIES 484 


AF137379 


AF137379 




Glaucophyte 


Cyanophora 
paradoxa 


UTEX LB555 


U30821 


U30821 
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Genes 


Name 


Primer Sequences (5'-3') 


Specificity 


psaA 


psaADOF 


AACWACWACTTGGATTTGGAA 


General 




psaA180F 


GATAGTCAWACHAGTTCWTTAGA 


General 




psaA840F 


TTYAAAGGWGGNYTAAAYCC 


General 




psaA870F 


GGNGGWYTATGGTTAAGTGA 


General 




psaA930R 


CCCAATTAGTTCTATACATRT 


General 




psaA940R 


CTGTGDCCAATACCCCARTT 


General 




psaA970R 


GCYTCTARAATYTCTTTCA 


General 




psaA1600R 


GCATGAATATGRTGWACCAT 


General 




psaA1760R 


CCTCTWCCWGGWCCATCRCAWGG 


General 




psaA-3' 


CCTTGAGTDATRCTTAAAGCTC 


General 




Crypto230F 


AGTGCACATTTTGGWCAATT 


Cryptophyte 




Crypto930F 


GCTGGTCAYATGTATCGTAC 


Cryptophyte 




Crypto 1190R 


CCACCRATCCACATATGATG 


Cryptophyte 




Palm754F 


CTAATGGTTCAGTTGTACCC 


Palmaria 
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Palmll80F 


ACACATCATATGTGGATTGG 


Palmaria 




Pav940F 


ATGTACCGTACTAAYTGGGG 


Pavlova 




Flin950F 


CGTACTAATTGGGGCATTGG 


Flintiella 


psbA 


psbA-F 


ATGACTGCTACTTTAGAAAGACG 


General 




psbA500F 


CTCTGATGGWATGCCWYTAGG 


General 




psbA600R 


CCAAATACACCAGCAACACC 


General 




psbA-R2 


TCATGCATWACTTCCATACCTA 


General 




psbA-Rl 


GCTAAATCTARWGGGAAGTTGTG 


General 


rbcL 


F-rbcL start* 


TGTGTTGTCGACATGTCTAACTCTGTAGAAG 


General 




rbcL090F 


CCATATGCYAAAATGGGATATTGG 


General 




F160 1 " 


CCTCAACCAGGAGTAGATCC 


General 




rbcL170F 


CCWCAACCAGGTGTTGAY 


General 




rbcL330F 


TTTGCTTAYATYGCWTACGA 


General 




F-577* 


GTATATGAAGGTCTAAAAGGTGG 


General 




rbcL640F 


ATGATGAAAAYATTAATTCTCAACC 


General 




rbcL770R 


ATACATTTCTTCCATAGTTGC 


General 




R-753* 


GCTCTTTCATACATATCTTCC 


Bangiaceae 




rbcL1240R 


TGWCCRATDGTACCACCACC 


General 




rbcL-RT 


ACATTTGCTGTTGGAGTCTC 


General 




R-rbcS start* 


TGTGTTGCGGCCGCCCTTGTGTTAGTCTCAC 


General 



♦Freshwater, D. W. & Rueness, J. (1994) Phycologia 33, 187-194. 



tRintoul, T. L., Sheath, R. G. & Vis, M. L. (1999) Phycologia 38, 517-527. 
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NCBI Sequence Viewer v2.0 



Page 1 of 2 




ACAC-/CI 
PubMed Nucleotide 

Search I CoreNucleotide 



fccO'SL^QC. 9 4rATACACACAC^^«|ATA^£&^TCT; My NCBI 

" ' ^f^^^raC^^t^^. [Sign In] [Register] 



Genome 



Structure 



PMC 



Taxonomy 
| [Go] I Clear 



OMIM 



Books 



Limits Preview/Index History Clipboard Details 

Display I GenBank j|j Show | 5 §!§ Sendto _ |j| Hide: □ sequence □ all but gene, CDS and mRNA features 
Range: from j begin [ to i end Q] Reverse complemented strand Features: 0 [ Refresh^ 



□ 1: AY 119786 . Reports Karenia brevis ri...[gi:21913674] 
Features Sequence 

LOCUS AY119786 907 bp DNA linear PLN 05-SEP-2002 

DEFINITION Karenia brevis ribulose- 1 , 5-bisphosphate carboxylase/oxygenase 

(rbcL) gene, partial cds; chloroplast gene for chloroplast product. 
ACCESSION AY119786 

VERSION AY119786.1 GI: 21913674 

KEYWORDS 

SOURCE chloroplast Karenia brevis 

ORGANISM Karenia brevis 

Eukaryota; Alveolata; Dinophyceae; Gymnodiniales ; Gymnodiniaceae; 
Karenia . 

REFERENCE 1 (bases 1 to 907) 

AUTHORS Yoon,H.S., Hackett,J.D. and Bhattacharya, D. 

TITLE A single origin of the peridinin- and fucoxanthin- containing 

plastids in dinof lagellates through tertiary endosymbiosis 
JOURNAL Proc. Natl. Acad. Sci . U.S.A. 99 (18), 11724-11729 (2002) 
PUBMED 12172008 
REFERENCE 2 (bases 1 to 907) 

AUTHORS Yoon,H.S., Hackett,J.D. and Bhattacharya, D. 
TITLE Direct Submission 

JOURNAL Submitted (10-JUN-2002) Department of Biological Sciences and 

Center for Comparative Genomics, University of Iowa, 239 Biology 
Building, Iowa City, IA 52242, USA 
FEATURES Location/Qualifiers 
source 1 . . 907 

/organism="Karenia brevis" 
/organelle="plastid: chloroplast" 
/mol_type="genomic DNA" 
/strain="CCMP 718" 
/ db_xr e f = 11 1 axon : 156230 " 
gene <1 . . >907 

/gene="rbcL" 
CDS <1..>907 

/gene=" rbcL" 

/codon_start=l 

/transl_table=ll 

/product= " ribulose- 1, 5-bisphosphate carboxylase/oxygenase" 
/protein_id=" AAM62094 .1 " 
/db_xref="GI: 21913675" 

/ 1 r ans 1 a t i on= " YDLDLFEEGS I ANLTAS IIGNI FGFKAVKSLRLEDMRI PVAYLK 
TFQGPATGLVVERERLDKFGRPLLGATVKPKIXjLSGKNYGRvVYEGLKGGLDFLKDDE 
NINSQPFMRYRERFLYSMEGVNHAAAKTGEIKGHYLNVTAATMEDMYERANFATELGS 
IIvMIDLVIGYTAIQSMAYWARNNDTMLHLHRAGNSTYSRQKNHGMNFRVICKWMRMA 
GVDHIHAGTVVGKLEGDPKMIKGFYETLLGLCTRINLSLGLFFGQEWASLRKCVPVAS 
GG I HAGQMHYLLH YLGDDVI LQFGGG " 

ORIGIN 

1 tacgatctag atctttttga ggaaggatct attgcaaatt taacagcctc cataattggt 
61 aatatttttg gttttaaagc tgtaaagtct cttcggcttg aggatatgag aatcccggtg 
121 gcttatctaa aaacgtttca aggtccagct actggtttag tcgttgaacg agaacgtcta 
181 gataagttcg gtcgacctct tttgggagcg acagttaaac caaaattagg tctttccggt 
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241 aaaaattatg gaagagttgt atacgaaggg ttaaaagggg gattagattt tcttaaagat 

301 gatgaaaata ttaattcgca gccttttatg cggtatcgtg aacgtttcct atactctatg 

361 gaaggtgtca atcatgctgc cgcaaaaacc ggtgaaatca aaggacatta tttaaatgtc 

421 acggcagcga cgatggaaga catgtatgaa agagcgaatt tcgctacgga actaggttcc 

481 ataattgtaa tgatagatct tgtaattggt tatacagcga tacaatcaat ggcttactgg 

541 gctcgcaata atgatactat gcttcacttg catcgtgccg gtaattctac gtattctcga 

601 caaaaaaatc atggtatgaa tttccgcgtc atctgtaaat ggatgcgaat ggctggtgtt 

661 gatcatattc atgccggaac cgttgtgggt aaactagaag gagatccaaa aatgattaaa 

721 gggttctatg aaacgttatt gggtctgtgt acacgaatta accttagtct cgggttattt 

781 tttggacaag aatgggctag tttacgaaag tgtgtacctg tcgctagcgg aggaattcat 

841 gcaggacaaa tgcactactt attacactat ttgggtgatg atgtaattct ccagtttggt 

901 ggtggta 



// 



Disclaimer | Write to the Help Desk 
NCBI | NLM | NIH 



Jun 19 2007 13:56:00 
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Single Culture Display 



Page 1 of 1 



CCMP718 Karenia brevis (Davis) Hansen et Moestrup -- Class Dinophyceae 


Collected: 

27.7000N 82.8000W Florida 

Collection Site: TTe . . N 
USA (very approx.) 

Ocean: North Atlantic 

oea. i_,an d Dean sea ... ; 

Nearest North America 

Continent: 

Other 

Information: 


Isolated by: Wilson 
Isolation Date: 1960's 
Identified by: 

Deposited by: Tangen,K 
Deposit Date: 1985-06-13 
Axenic by: 
Axenic Date: 

Axenic (True/False): False 


Culture medium: LI, f/2-Si, f/20-Si, f/2, K 
Temp. Range at CCMP: 18-22° C 
Cell length: {Observed 24-36um 
Cell width: at CCMP) 5-7um 
Toxic (True only): Yes 


Strain PTBR 
Synonyms: 

Name Gymnodinium breve, 
Synonyms: Ptychodiscus breve 
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Research Report 



Design Strategies and Performance of Custom 
DNA Sequencing Primers 

BioTechntqua 27;S2S-S36 (September 19119) 



M. Guntliorpe 3 , K.M. Hager 4 ;' conformed to the preferred parameters. 

PjS. ^.dimS 7 and jkRUSh* 'tesfsequence^although some sites were 

disfavored. Surprisingly, approximately 
45% of the primers were selected "manual- 
ly", mare than by any software package. 
Each of 69 submitted and 9S control 
primers, distributed at 3-bp intervals across 
the test sequence, were synthesb£d.,-_p\aHfted 

- and tested using a Model 377t^sifffyPNA provide a measure of me industry state-- 

i$chlororhodarifa$e ter- of-the-art, as well as flie level of perfor- 
'((dRhodamine dye termi- mancc, that can be expected from such 

versity ofJSai]^ -~ ..ftcflWo*. Prjeyious projectsJ^eejyimT 

Canada; 7 TrudeaU Institute, prtmers were also tested using rhodamtne ined general operations of DNA core 

Saranac Lake NY and 8 Harvard dye terminator reagents ("old" rhodamtne laboratories (15), the accuracy of auto- 

dye terminators). The results indicated that mated DNA sequencing in these facili- 

ijjMtdfhe p^ormance^pf unpu- 
•Vy^etic^ligomfcleotides as 



versify, Richmond, YAj Univer- 
sity of Virginia, Charlottesville, 
VA; 'University of California, 
San Francisco, CA; "Yale Uni- 
versiryrNew-HavenrCT; s Sti — 



The Nucleic Acids Research Com- 
mittee (NARC) of the Association of 
Biomolecular Resource Facilities 
(ABRF) evaluates the procedures and 
performance of research facilities that 
perform nucleic acid synthesis and se- 
quencing in academic, industrial and 
other institutions (5,6). These studies 




quencln'g ^p^nir^ selecllpnjandtMalpated 
<Aeir,^r^^«^^^^Mi^wafegtef to. 



damme dye.termlnator reagents, although, ficult templates (2)7and ,me perfdr- 
these characteristics had, a stronger effect mance of various seouencms strategies. 




JlC 'Kit '■&«*'...-,»:• 7.), . ■■>: •-. ',•■<-■« '.. :/ 
);..;u.'< n."3<v:r/?|J.- - '>.iit,t>'.i f ;"f£ • 





A';..: y : «," 'viv 1 ' ->/ 
-c ,ou; 7.-' ' <• ,'«•£.».:*. _ 



, /-v«T»We 1. Predicted Optima aoaOb»trved PUy«ie*iChimltat <3t*mtdtitla"otPrirae» for.'Aut<uiute4 DNA StqutiuSag or.f CR t - ; - , of 



16 
.'•'•35 
.'V.'Sr 



Sequencing. Primers 3 jr. 
' "-■ Optimtim d Range" . , 



I flfi. PCR Primers b 

. ' ■ " < : 
. Qptlmum d 



Range 6 V-'^'Meah^; Ranges 



18-i-24'hV.' 7f .' t >' ! 15^0nt'.';.>;i , 8-^9'nt: 



^R^eritiG+GofpVlrnei-, yV- ; : ^40%-6.1% Kf'y 30%-70% ;;W'40%-iei.%.v 



^Ge'darhp 1 .. 
piflrrier dlmerJ'""'^ 
Hairpjn stem9 k . , ', \ , 
, Homopolymer runs'.: 



Secondary priming" 1 



2- 3 bp V- 0-6pp f "..'J-2-r3'bp:", 
4-Snt ' 3^10 nt 4»5-nt'<»- 

3- 4 ' . : 0-10 bp ' ' 3-4 bp"- 



.m Sriorit.' - • ' . :' i arnt^jTi sLzi" nt 

, ro-2 nt - : >!'., !ti.lnt; :>%i 0-4 ntr 
"• r . ( 0-^6 bp ,' v" t f ri^i-bp^;'"- . 'o-s bp' 



v'' 3-10 nt 



3.0 nt 



" 6^10 bp" '49P- 



;o-266" 



- r ,-v-- : 'v-' — 



"Parameter valuer preferred for primers tobeused in PGR exporiments; 
^Parameter values of the primers subrnfffia'%'pahl6lpantS: a > PCR PrFmcM 



•dop'^m valu^fo^ach pa^ram '-j. iH^f . '■ 



•V;, 



he range of acceptable values selected by the pa/OclpanS.v"' . . ' '.' ',: r.;\..y. .?f :. 

range ofValu^ for each prlrfmrs. /.i,i-?K?fG... , \f-0'C* v- . IS^SA^' 

^aiuesi^bmltfed^ and;^i^.ne^hbor,^.of.prlrr^ t 9t(^it- 

;!!|etf^y^wrU^panls. . • - ; _«; |r n^jr-i tit ' ' I'V'-if' ■' " -Vi'si 

j.rtl» '3 v ^amp.refers to trtolnumber of G or C bases at <ne ^' terminus ofjfe'prirner. .. 4? T. 
i'lS^pt^mlier pfc^ntig bases permMr^"dimeriza\lori of prtwoTtne^^^ 

•iiiinV!di^-^«car) as measured by OH8p»5.p. • IMS bp , ,. 2-5'ap 'j-6bp 'i.-l bp. .. 0r-& Isfj - 

|?«ireS^fi¥f!!fe%BB? ,a * e8 jpapable of<fom^ng a hakpin^tojri^i V^.prirnec. n% 3^10 ni~ ' 3.0 ni • •2^5'nf'* 

'^S^J^i?^^^ St r^^o^perlcWln^5^-" rr r^ fJ " ' .' Q ™ >^"'~ r -J s 7~ r 
r< ^uniber^ba8ee" permWed to rro wtstob teseoofidary primlri gslte. ' ; >. . 



"The priming efflciency,as calculated by Odgo 5.0 for teat sequence only (submitted primers). • 



■ ••-■| r ^ea;CTiat8r«s.f!»3-Ty« f"*- i« w< fi ui p»4 ir .wi» 1o-ba owri i v i'^aFt'gy p" ■•' : ,, : e nt gr ~" 

i, fenijE^tui^'JT^'and^^o andasdl :df 'eoSr 1 ^'-' 'study of DNA Vequencing^ primer' <!©- 
fedtotoideViaor^eiitoCprimc^dcsi^ j^si^ l Thedistnb^6n , pKrvid^a30,O-bp 
soft^^abla^ti^ "tesfsequence" (Figtire"iythatw&s se^ 

Soi^i^^^^^-^eiia Xf^i^^^^^.^i^^f^t^^M^?' test lJ«ted:and previously siown to.gpntain 




liemqst'rigmficantiryiSilincrf'to^ilitate^m 

.cost^aiidi.caiBumerthe bulk-TofjerTort'-ti^^selection for; sequencing projects. feotion. Participantsi.were requested to 

. &d ; ti^ej5Tr^«f<M;.U:is a haUpp^ipKtki «vs prise^f.. n : . fpjeotthe best primers irresp«rtiyc of 

■'|oitairtvu^.uiesR.pitomjyieid-nigh^^ " — their positions on - mc test sequence.- All- 1 

, ^3S^SmSSSm^.^^Z ^.^^ShMAJKKjM^^W^MpTHODS responses wertf ancmymousty-scrcened : 



•Ub^rat^^fua^or^ai^speaficqu'e^^ - ""-CoinputerC^tei^^fjasonne^ 

tibiw t^c-^^fl-^P^I*?"* ch^etjjif. - . la.DooainbM;of: I99<5 and Jaaiiaiy of- data were removed from each document 1 




rhri'jjpsj'ia.v. . ft 'how wspwnw.'/. '! !' 




j'. ■: ■ '.Ct.'AU'It'^'i-s ' -'•'■'■ -'-i- 




'jf ^ft. Cue.'.: ; ;.-•..>•< :• ^ %! ;fc>>^g*:: * j 



' compared^ to ! ;m6lecmlar.f weighty stan- 
.dardsj («0"a ; syrithc«is yield >0.5 ODU 
'(absorption of 'sample in 1 mL at 260 « 
nm with' 1 "cm pathlength set up on the 
3948 Synthesizer);, and -(/>>) a .single , 
peak of the expected mass by MALDi r '. 



f^^.&amg^a'j^^^mmki and _:■ 
new Wor^tionivi^ r^uMited. Every- . ■' 
effort ^&r^e$:mam^ ' 
tyM %e.&ta ^d'&e_^onym^-of .the 
participants'.' V '* 

Control and Stibrnltted Primers jj M ! 

size(i;as*wn^lsV'TCese"18nuclebtide' ■„, ";f •'" * 7 

(tc^;^p^,^!mmed^&lQ(l^J^8l^;^ Test.Template and Preparation--;-—:^ 

quencVwfli tneir'-S'- tehhiiii locatedlat- , ' ' - •'• '"' "*'"i» ' '. 1 '•■•** ■' " 
3f*%M mmm^MM mm ^^dfmpiMo was preselect, 
^f^^-^em^le^*-be^^^So»«m«aai attest sequence lacking, 
at bp'MFeteV):*All^rhTiers^ere*'aiia i 



tV.t-i.- 



nal ;6lCrhodamine".dyes ( th^ nar-., : 
ro^rer',"eini8sidn' spectra, . less spectral^ • 
overlap.' 'and more even peak. heights,, . . 
tba"n:m'e^earlier^dyes^(19)!" Each .S%\ 
pplya^lamide. sequeiKing/^gel'j'was 



TOF/^V'Anyuqngcmncleotides '(hat.^' elep^phoreBedToT^pro 



failed to meet these'criteria.were resynT 
thesized, •"..', •.. '.. ■":." • " 



lyzed 'with die Gligo™ ^Program 5.0: 
(NBl/Gcnovus,fElymoum, MN, iUSA) 



arid the data.w&tdir^^.iB^cKtedvfpr'. 
analysis iUsirig' .Se^pCTcher^'.T (Gene . 
Codes, Ann' Afb'or; MI, US A),"Using . 

to remove s5'- and: 3' ambiguous se-i. 
quenoes, so that the first and last 25 r& - 
contained no ambiguities. Bach results 
-obstacles' to'sequence "extension- (data v ~'rnsras aligned whh theknown'sequencep" 
not shown) and purified by double and we recorded: (/)'the number of nt 



sch^edWReference , 9)J il 
ture; secondary pnmmg sites, etc., were 

P a ^e^9|.subniitted and 95 control 
primers' were synthesized on a-Model 

System (PB Biosystems) at three differ- 



banding in CsCl-ethidium bromide iso- 
pyonic< 



4srfey'fift » t-.-inhtsi/? Wild - 0.5 ODU 
^^SeW^tepS* ! mL at 260 



between the'3'.end:of the primer-. and 
the beginning of , the trimmed data;-.({t) • 



ed 



K thefstaridaMrsTOffiesis'; ■ - • 



pnmer for DNA sequence, analysis ns- 
mg'oi^odimine f errnmator'Cycle Set 1 
quencing Ready Reaction Kit with Am- 
pliTaq®'FS reagents (PB BibsyBtems) 
under, standard reaction conditions as 



niiscalls," iiisertions', deleudns? aM:anf- . 
MguMSs ?42 ^SSch r c lbp^^a'of • 

uwugh the emi of me^equenee^read? - 

poiytt.'.ryuaww b^^kd&bs. jyn wrs • 

hSsULTS^' 1 wa 4 4f^Sy As ported jfcr 

Oo'djK. -'^ni^.Hj; (j:;a'i, Usbtc 
Participant Profiles, ,»....„ 

! " Tnir^-niae labomfories partiapated 
ttie^stody, submitting-69.prnrier sej 




performed - on a . 200-pmol. sample 
iniiedVia ll)'rr5^.3^nydro'xypicof-' 

0:1% tnilporaceUc^acid) orx a Voyager 



f nermal B^sysW^R®-" fencing t servlcgsf but Wap'pTba? 

aeloffil^arfealm^odel ^a^SBtKafiSSa uu 

Pwsm Automated brW:Sequencers us^ 





dI^damii|'e^dyS^^ les^han^O pnmsr^wMng^rpj&cts.r 

t^^§^«^io|h^|l|^.aria apprpxi-" Ch^es^ror.seTYiciesiayer^gStJLi^tos 
rnatery 50% of m'e counBVpri'mers were' .for.240-50 u nmoLyandi SLi9fotn fai r 





%i':V,' : :^{;cfiS^tt;':eiC^ 



edtoTjwasapgroxi? 

isM.G^rges'Mi 





'^tc- 



•••-.U'j rA'-f* j <a' ' i V''.-, '■.i-; ( -tf?' :, tc j. ''Vl^- r •: 1 > ^ -V^. jf^s.;..** 3 u 



" s _ i _ j .,r- ■ .--.Jji'lJc' 



'/? ?^thmi«ite,' P6rSeptive" Biosystems ' • "nally,,wlien askod tf cummereial^up- 
| " : • and J Iil-C6R : w 'aisb presented: " ;. ' pliers had an impact bn ! serv|ces pfpvid- . 
; ;',*!bnlyappro3^&ly ; i5yo'of&S 

.'A ipatite^ maiiSiiried iotioHo' systems' for laboratories ' tcspottdwl affirmatively. 

.^lel^ia^^rei^o^pr seajtoJMrjg^Fi-: ,. ^^^x^a^.^jS^S.^ had l H dropped. ; 




to 



•' • *■*.•>.•!' "rii. v»" v 'T l ii:t''"' ' 



..•,.tv.;j- 



(Figure if- Primer cSuff* i £4rii(4c«'.y»..f ^»iueacing. 'jt^of h^e^The porformuioo' |of^ sequencing 
inaiai^ioried Kmv*'">s tojraousp^ob^diamloal V^actomtiraTwaa ejtamined.tte nwobir of 
larsjjvar IhB fUll-lcngth read ijf each pp^or; determined dejadbedin.the Wjilermla^d^McUioyj, waa' 
plotted i^mst the reraltjTof e&> ptt^ioi^»oeoi^.%th» jdevaat p^M^tt^(A).<^lni>^M)gtU 
^errotaSSiiS pfffirtoj^;5sorted wcra^;t<>. thiari^t&"Ki«Sad^ «oJ 
tording tyiK~Tr^^^ , ^^''^r™^ iL ' TlM> ani*&o£e&» oyer.toeifp-leniiftfread'ls plotted » 
(Noto to^MfllWteptimerBtestsa wifh r tfa"e otdrhodMnbw'ieaieiits ^'eoiliabi aod : trierefore IW 
nt lonu ' tho data firr old tbodamlnes are not tnrJnrlrd itv this snaKraa.'.Thb Xiaxis distributes.tlie primeta, 

• ■j' ^ \c tl am *t.~ rf iMilMiMi Thn nttmiira iuaVa Ortyf/^H A/*rVtrv1mlT til tnft nn filtiOTl of DlRITi 



kecondBjr^S^i^oinipBSfM Pr^^^pS^^^ndary prffir^te. in' 

ij*Q ~ns^terfiairiBd, Tto pziraors woib sorted fi^^eccid^^^Qie^&eoro o£tte_sfto^est fo^otI^^ P55t| 
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ptjJf.^. •M..i-;«.c;( : ... l-vti - • tiJ iyi T.v^jMU' -:iv.U-ij3gChtrj.-. '..vs; ,< 

Tuole X'AVtrige PrtoW PerfWinaneef of Subitiltfia »a'<3 Control Prlmcri Uftng dRtiodamtke.or Old Rhodamiae Dye Terminator Sequencing Kits' 



f ..^^H^ifyJ-Y.' | -T.™ 1 '.' ^TSUB^ltife^ Prlmara ^--7Co'nii«i'PHin^r»;^V^* 'RepotlMon Control Primers 

i'^"lT?.*;43«.Tv-''* 'jifihoj^liwifc;^ ,dRnodamlnes b old kit dyes'" 



SVnttrimmeatt $ ^rfS^Mffiffixl^iffiffiM-: IN>8) +-5 (4, 0-16) 
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t> 

In re Deuel 
C.A.Fed.,1995. 

United States Court of Appeals,Federal Circuit. 
In re Thomas F. DEUEL, Yue-Sheng Li, Ned R. 
Siegel and Peter G. Milner. 
No. 94-1202. 

March 28, 1995. 

Inventors applied for patent for deoxyribonucleic 
acid (DNA) and complementary DNA (cDNA) 
molecules encoding proteins that stimulated cell 
division. After patent examiner rejected claims as 
unpatentable on grounds of obviousness and the 
Patent and Trademark Office Board of Patent 
Appeals and Interferences affirmed, inventors 
appealed. The Court of Appeals, Lourie . Circuit 
Judge, held that: (1) combination of prior art 
reference teaching method of gene cloning, together 
with reference disclosing partial amino acid sequence 
for a protein that stimulated cell division, did not 
render claims prima facie obvious; (2) conceived 
method of preparing some unidentified DNA does 
not define it with precision necessary to render it 
obvious over protein it encodes; and (3) patent 
claims generically encompassing all DNA sequences 
encoding human and bovine proteins to stimulate cell 
division were not invalid as obvious. 

Reversed. 

West Headnotes 

HI Patents 291 €=>314(5) 

291 Patents 

291X11 Infringement 

291XIKC) Suits in Equity 
291k314 Hearing 

291k314(5) k. Questions of Law or Fact. 
Most Cited Cases 

Patents 291 €=>324.55(1) 

291 Patents 

291X11 Infringement 

291XIKC) Suits in Equity 
291k324 Appeal 

291k324.55 Questions of Fact, Verdicts, 
and Findings 

291k324.55(n k. In General. Most 



Cited Cases 

Obviousness is question of law, which Court of 
Appeals reviews de novo, though factual findings 
underlying obviousness determination are reviewed 
for clear error. 35 U.S.C.A. § 103 . 

12J Patents 291 €=^32 

291 Patents 

29 HI Patentability 

291IKA) Invention; Obviousness 
291k31 Evidence of Invention 

291k32 k. Presumptions and Burden of 
Proof. Most Cited Cases 

Patent examiner bears burden of establishing prima 
facie case of obviousness; only if this burden is met 
does burden of coming forward with rebuttal 
argument or evidence shift to applicant. 35 U.S.C.A. 
§ 103 . 

13J Patents 291 0^36(1) 

291 Patents 

29 III Patentability 

29111(A) Invention; Obviousness 
291k36 Weight and Sufficiency 

291k36(l) k. In General. Most Cited 

Cases 

Patents 291 €=^324.55(4) 

291 Patents 

291X11 Infringement 

291XIKC) Suits in Equity 
291k324 Appeal 

291k324.55 Questions of Fact, Verdicts, 
and Findings 

291k324.55(3) Issues of Validity 
291k324.55(4) k. Novelty, 
Invention, Anticipation, and Obviousness. Most 
Cited Cases 

When references cited by patent examiner fail to 
establish prima facie case of obviousness, rejection 
on ground of obviousness is improper and will be 
overturned. 35 U.S.C.A. § 103 . 

141 Patents 291 €=>16.3 

291 Patents 

29 III Patentability 

29111(A) Invention; Obviousness 
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relationship between codons and amino acids. The between DNA, mRNA, cDNA, and a protein may 

reverse is not true, however, due to the degeneracy of conveniently be expressed as follows: 

the code. Many other DNAs may code for a 
particular protein. The functional relationships 
genomic 

DNA — > mRNA ■ - > protein 

t t 

cDNA other DNAs 

nucleotide sequence, Deuel then predicted the 
complete amino acid sequence of bovine uterine 
HBGF disclosed in Deuel's application. 



Collections ("libraries") of DNA and cDNA 
molecules derived from various species may be 
constructed in the laboratory or obtained from 
commercial sources. Complementary DNA libraries 
contain a mixture of cDNA clones reverse- 
transcribed from the mRNAs found in a specific 
tissue source. Complementary DNA libraries are 
tissue-specific because proteins and their 
corresponding mRNAs are only made ("expressed") 
in specific tissues, depending upon the protein. 
Genomic DNA ("gDNA") libraries, by contrast, 
theoretically contain all of a species' chromosomal 
DNA. The molecules present in cDNA and DNA 
libraries may be of unknown function and chemical 
structure, and *1555 the proteins which they encode 
may be unknown. However, one may attempt to 
retrieve molecules of interest from cDNA or gDNA 
libraries by screening such libraries with a gene 
probe, which is a synthetic radiolabeled nucleic acid 
sequence designed to bond ("hybridize") with a target 
complementary base sequence. Such "gene cloning" 
techniques thus exploit the fact that the bases in DNA 
always hybridize in complementary pairs: adenine 
bonds with thymine and guanine bonds with cytosine. 
A gene probe for potentially isolating DNA or cDNA 
encoding a protein may be designed once the 
protein's amino acid sequence, or a portion thereof, is 
known. 

As disclosed in Deuel's patent application, Deuel 
isolated and purified HBGF from bovine uterine 
tissue, found that it exhibited mitogenic activity, and 
determined the first 25 amino acids of the protein's 
N-terminal sequence. — Deuel then isolated a 
cDNA molecule encoding bovine uterine HBGF by 
screening a bovine uterine cDNA library with an 
oligonucleotide probe designed using the 
experimentally determined N-terminal sequence of 
the HBGF. Deuel purified and sequenced the cDNA 
molecule, which was found to consist of a sequence 
of 1196 nucleotide base pairs. From the cDNA's 



FN2. Deuel determined that the N-terminal 
sequence of bovine uterus HBGF is Gly- 
Lys-Lys-Glu-Lys-Pro-Glu-Lys-Lys-Val- 
Lys-Lys-Ser-Asp-Cys-Gly-Glu-Trp-Gln- 
Trp-Ser-Val-Cys-Val-Pro. 

Deuel also isolated a cDNA molecule encoding 
human placental HBGF by screening a human 
placental cDNA library using the isolated bovine 
uterine cDNA clone as a probe. Deuel purified and 
sequenced the human placental cDNA clone, which 
was found to consist of a sequence of 961 nucleotide 
base pairs. From the nucleotide sequence of the 
cDNA molecule encoding human placental HBGF, 
Deuel predicted the complete amino acid sequence of 
human placental HBGF disclosed in Deuel's 
application. The predicted human placental and 
bovine uterine HBGFs each have 168 amino acids 
and calculated molecular weights of 18.9 kD. Of the 
168 amino acids present in the two HBGFs 
discovered by Deuel, 163 are identical. Deuel's 
application does not describe the chemical structure 
of, or state how to isolate and purify, any DNA or 
cDNA molecule except the disclosed human 
placental and bovine uterine cDNAs, which are the 
subject of claims 5 and 7. 

Claims 4-7 on appeal are all independent claims and 
read, in relevant part, as follows: 

4. A purified and isolated DNA sequence consisting 
of a sequence encoding human heparin binding 
growth factor of 168 amino acids having the 
following amino acid sequence: Met Gin Ala ... 
[remainder of 168 amino acid sequence]. 

5. The purified and isolated cDNA of human 
heparin-binding growth factor having the following 
nucleotide sequence: GTCAAAGGCA ... [remainder 
of 961 nucleotide sequence]. 

6. A purified and isolated DNA sequence consisting 
of a sequence encoding bovine heparin binding 
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29 III Patentability 

29111(A) Invention; Obviousness 
291k26 Combination 

291k26(l) k. In General. Most Cited 

Cases 

Conceived method of preparing some unidentified 
deoxyribonucleic acid (DNA) does not define it with 
precision necessary to render it obvious over protein 
it encodes. 35 U.S.C.A. § 103 . 

1111 Patents 291 €>=?26(1) 

291 Patents 

29 III Patentability 

291 IKA) Invention; Obviousness 
291k26 Combination 

291k26(l) k. In General. Most Cited 

Cases 

Patent claims generically encompassing all 
deoxyribonucleic acid (DNA) sequences encoding 
human and bovine protein to stimulate cell division 
were not invalid as obvious, where prior art disclosed 
only partial amino acid sequence for the protein. 35 
U.S.C.A. § 103 . 



G. Harlev Blosser. Senniger, Powers, Leavitt & 
Roedel, of St. Louis, MO, argued for appellants. 
With him on the brief was Donald G. Leavitt . 
Donald S. Chisum , Morrison & Foerster, Seattle, 
WA, argued for amicus curiae, The Biotechnology 
Industry Ass'n and The Bay Area Bioscience Center. 
With him on the brief were Debra A. Shetka. 
Morrison & Forester, Palo Alto, CA and Robert P. 
Blackburn , Emeryville, CA. 

Teddy S. Gron, Acting Associate Sol., Arlington, 
VA, argued for appellee. With him on the brief was 
Albin F. Drost, Acting Sol. Nancy J. Linck , Office 
of the Sol., Arlington, VA, represented appellee. 

Before ARCHER . Chief Judge, N1ES and LOURIE . 
Circuit Judges. 
LOURIE, Circuit Judge. 

Thomas F. Deuel, Yue-Sheng Li, Ned R. Siegel, and 
Peter G. Milner (collectively "Deuel") appeal from 
the November 30, 1993 decision of the U.S. Patent 
and Trademark Office Board of Patent Appeals and 
Interferences affirming the examiner's final rejection 
of claims 4-7 of application Serial No. 07/542,232, 
entitled "Heparin-Binding *1554 Growth Factor," as 
unpatentable on the ground of obviousness under 35 
U.S.C. § 103 (1988) . Ex parte Deuel. 33 USPQ2d 
1445 (Bd.Pat.App.Int.1993) . Because the Board 
erred in concluding that Deuel's claims 5 and 7 
directed to specific cDNA molecules would have 



been obvious in light of the applied references, and 
no other basis exists in the record to support the 
rejection with respect to claims 4 and 6 generically 
covering all possible DNA molecules coding for the 
disclosed proteins, we reverse. 

BACKGROUND 

The claimed invention relates to isolated and purified 
DNA and cDNA molecules encoding heparin-binding 
growth factors ("HBGFs").— HBGFs are proteins 
that stimulate mitogenic activity (cell division) and 
thus facilitate the repair or replacement of damaged 
or diseased tissue. DNA (deoxyribonucleic acid) is a 
generic term which encompasses an enormous 
number of complex macromolecules made up of 
nucleotide units. DNAs consist of four different 
nucleotides containing the nitrogenous bases adenine, 
guanine, cytosine, and thymine. A sequential 
grouping of three such nucleotides (a "codon") codes 
for one amino acid. A DNA's sequence of codons 
thus determines the sequence of amino acids 
assembled during protein synthesis. Since there are 
64 possible codons, but only 20 natural amino acids, 
most amino acids are coded for by more than one 
codon. This is referred to as the "redundancy" or 
"degeneracy" of the genetic code. 

FN1. For a more extensive discussion of 
recombinant DNA technology, see In re 
O'Farrell. 853 F.2d 894. 895-99. 7 USPQ2d 
1673. 1674-77 (Fed.Cir.1988) ; Amsen Inc. 
v. Chugai Pharmaceutical Co., 927 F.2d 
1200. 18 USPQ2d 1016 (Fed.Cir.). cert, 
denied, 502 U.S. 856. 112 S.Ct. 169. 116 
L.Ed.2d 132 (1991) . 

DNA functions as a blueprint of an organism's 
genetic information. It is the major component of 
genes, which are located on chromosomes in the cell 
nucleus. Only a small part of chromosomal DNA 
encodes functional proteins. 

Messenger ribonucleic acid ("mRNA") is a similar 
molecule that is made or transcribed from DNA as 
part of the process of protein synthesis. 
Complementary DNA ("cDNA") is a complementary 
copy ("clone") of mRNA, made in the laboratory by 
reverse transcription of mRNA. Like mRNA, cDNA 
contains only the protein-encoding regions of DNA. 
Thus, once a cDNA's nucleotide sequence is known, 
the amino acid sequence of the protein for which it 
codes may be predicted using the genetic code 
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growth factor of 168 amino acids having the 
following amino acid sequence: Met Gin Thr ... 
[remainder of 168 amino acid sequence]. 
7. The purified and isolated cDNA of bovine 
heparin-binding growth factor having the following 
nucleotide sequence: GAGTGGAGAG 
[remainder of 1 196 nucleotide sequence]. 

Claims 4 and 6 generically encompass all 
isolated/purified DNA sequences (natural and 
synthetic) encoding human and bovine HBGFs, 
despite the fact that Deuel's application does not 
describe the chemical structure of, or tell how to 
obtain, any DNA or cDNA except the two disclosed 
cDNA molecules. Because of the redundancy of the 
genetic code, claims 4 and 6 each encompass an 
enormous number of DNA molecules, including the 
isolated/purified chromosomal DNAs encoding the 
human and bovine proteins. Claims 5 and 7, on the 
other hand, are directed to the specifically disclosed 
cDNA molecules encoding human and bovine 
HBGFs, respectively. 

During prosecution, the examiner rejected claims 4-7 
under 35 U.S.C. § 103 as unpatentable over the 
combined teachings of Bohlen*1556 — ] and 
Maniatis.— The Bohlen reference discloses a group 
of protein growth factors designated as heparin- 
binding brain mitogens ("HBBMs") useful in treating 
burns and promoting the formation, maintenance, and 
repair of tissue, particularly neural tissue. Bohlen 
isolated three such HBBMs from human and bovine 
brain tissue. These proteins have respective 
molecular weights of 15 kD, 16 kD, and 18 kD. 
Bohlen determined the first 19 amino acids of the 
proteins' N-terminal sequences, which were found to 
be identical for human and bovine HBBMs.— 
Bohlen teaches that HBBMs are brain-specific, and 
suggests that the proteins may be homologous 
between species. The reference provides no 
teachings concerning DNA or cDNA coding for 
HBBMs. 



FN3. European Patent Application No. 
0326075, naming Peter Bohlen as inventor, 
published August 2, 1989. 

FN4. Maniatis et al., Molecular Cloning: A 
Laboratory Manual, "Screening 
Bacteriophage [lambda] Libraries for 
Specific DNA Sequences by Recombination 
in Escherichia coli," Cold Spring Harbor 
Laboratory, New York, 1982, pp. 353-361. 



FN5. Bohlen's disclosed N-terminal 
sequence for human and bovine HBBMs is 
Gly-Lys-Lys-Glu-Lys-Pro-Glu-Lys-Lys- 
Val-Lys-Lys-Ser-Asp-Cys-Gly-Glu-Trp- 
Gln. This sequence matches the first 19 
amino acids of Deuel's disclosed N-terminal 
sequence. 

Maniatis describes a method of isolating DNAs or 
cDNAs by screening a DNA or cDNA library with a 
gene probe. The reference outlines a general 
technique for cloning a gene; it does not describe 
how to isolate a particular DNA or cDNA molecule. 
Maniatis does not discuss certain steps necessary to 
isolate a target cDNA, e.g., selecting a tissue-specific 
cDNA library containing a target cDNA and 
designing an oligonucleotide probe that will 
hybridize with the target cDNA. 

The examiner asserted that, given Bohlen's disclosure 
of a heparin-binding protein and its N-terminal 
sequence and Maniatis's gene cloning method, it 
would have been prima facie obvious to one of 
ordinary skill in the art at the time of the invention to 
clone a gene for HBGF.— According to the 
examiner, Bohlen's published N-terminal sequence 
would have motivated a person of ordinary skill in 
the art to clone such a gene because cloning the gene 
would allow recombinant production of HBGF, a 
useful protein. The examiner reasoned that a person 
of ordinary skill in the art could have designed a gene 
probe based on Bohlen's disclosed N-terminal 
sequence, then screened a DNA library in accordance 
with Maniatis's gene cloning method to isolate a gene 
encoding an HBGF. The examiner did not 
distinguish between claims 4 and 6 generically 
directed to all DNA sequences encoding human and 
bovine HBGFs and claims 5 and 7 reciting particular 
cDNAs. 



FN6. The examiner and the Board 
apparently used the term "gene" to refer 
both to natural (chromosomal) DNA and 
synthetic cDNA. We will use the several 
terms as appropriate. 

In reply, Deuel argued, inter alia, that Bohlen teaches 
away from the claimed cDNA molecules because 
Bohlen suggests that HBBMs are brain-specific and, 
thus, a person of ordinary skill in the art would not 
have tried to isolate corresponding cDNA clones 
from human placental and bovine uterine cDNA 
libraries. The examiner made the rejection final, 
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however, asserting that 

[t]he starting materials are not relevant in this case, 
because it was well known in the art at the time the 
invention was made that proteins, especially the 
general class of heparin binding proteins, are highly 
homologous between species and tissue type. It 
would have been entirely obvious to attempt to 
isolate a known protein from different tissue types 
and even different species. 

No prior art was cited to support the proposition that 
it would have been obvious to screen human 
placental and bovine uterine cDNA libraries for the 
claimed cDNA clones. Presumably, the examiner 
was relying on Bohlen's suggestion that HBBMs may 
be homologous between species, although the 
examiner did not explain how homology between 
species suggests homology between tissue types. 

The Board affirmed the examiner's final rejection. 
In its opening remarks, the Board noted that it is 
"constantly advised by the *1557 patent examiners, 
who are highly skilled in this art, that cloning 
procedures are routine in the art." According to the 
Board, "the examiners urge that when the sequence 
of a protein is placed into the public domain, the gene 
is also placed into the public domain because of the 
routine nature of cloning techniques." Addressing 
the rejection at issue, the Board determined that 
Bohlen's disclosure of the existence and isolation of 
HBBM, a functional protein, would also advise a 
person of ordinary skill in the art that a gene exists 
encoding HBBM. The Board found that a person of 
ordinary skill in the art would have been motivated to 
isolate such a gene because the protein has useful 
mitogenic properties, and isolating the gene for 
HBBM would permit large quantities of the protein 
to be produced for study and possible commercial 
use. Like the examiner, the Board asserted, without 
explanation, that HBBMs are the same as HBGFs and 
that the genes encoding these proteins are identical. 
The Board concluded that "the Bohlen reference 
would have suggested to those of ordinary skill in 
this art that they should make the gene, and the 
Maniatis reference would have taught a technique for 
'making' the gene with a reasonable expectation of 
success." Responding to Deuel's argument that the 
claimed cDNA clones were isolated from human 
placental and bovine uterine cDNA libraries, whereas 
the combined teachings of Bohlen and Maniatis 
would only have suggested screening a brain tissue 
cDNA library, the Board stated that "the claims 
before us are directed to the product and not the 
method of isolation. Appellants have not shown that 
the claimed DNA was not present in and could not 



have been readily isolated from the brain tissue 
utilized by Bohlen." Deuel now appeals.— 



FN7. Deuel is supported in its appeal by an 
amicus curiae brief submitted by the 
Biotechnology Industry Organization and 
the Bay Area Science Center. Amici urge 
that, contrary to controlling precedent, the 
PTO has unlawfully adopted a per se rule 
that a gene is prima facie obvious when at 
least part of the amino acid sequence of the 
protein encoded by the gene is known in the 
prior art. 

DISCUSSION 

mr21f31 Obviousness is a question of law, which we 
review de novo, though factual findings underlying 
the Board's obviousness determination are reviewed 
for clear error. In re Vaeck. 947 F.2d 488. 493. 20 
USPQ2d 1438. 1442 (Fed.Cir.199n : In re Woodruff. 
919 F.2d 1575. 1577. 16 USPQ2d 1934. 1935 
(Fed.Cir.1990) . The examiner bears the burden of 
establishing a prima facie case of obviousness. In re 
Riickaert. 9 F.3d 1531. 1532. 28 USPQ2d 1955. 1956 
(Fed.Cir.1993) : In re Oetiker. 977 F.2d 1443. 1445. 
24 USPQ2d 1443. 1444 (Fed.Cir.1992 - ) . Only if this 
burden is met does the burden of coming forward 
with rebuttal argument or evidence shift to the 
applicant. Riickaert. 9 F.3d at 1532. 28 USPQ2d at 
1956 . When the references cited by the examiner 
fail to establish a prima facie case of obviousness, the 
rejection is improper and will be overturned. In re 
Fine. 837 F.2d 1071. 1074. 5 USPQ2d 1596. 1598 
(Fed.Cir.1988) . 

[41 On appeal, Deuel challenges the Board's 
determination that the applied references establish a 
prima facie case of obviousness. In response, the 
PTO maintains that the claimed invention would have 
been prima facie obvious over the combined 
teachings of Bohlen and Maniatis. Thus, the appeal 
raises the important question whether the 
combination of a prior art reference teaching a 
method of gene cloning, together with a reference 
disclosing a partial amino acid sequence of a protein, 
may render DNA and cDNA molecules encoding the 
protein prima facie obvious under § 103 . 

Deuel argues that the PTO failed to follow the proper 
legal standard in determining that the claimed cDNA 
molecules would have been prima facie obvious 
despite the lack of structurally similar compounds in 
the prior art. Deuel argues that the PTO has not 
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cited a reference teaching cDNA molecules, but 
instead has improperly rejected the claims based on 
the alleged obviousness of a method of making the 
molecules. We agree. 

Because Deuel claims new chemical entities in 
structural terms, a prima facie case of unpatentability 
requires that the teachings of the prior art suggest the 
claimed compounds to a person of ordinary skill in 
the art. *1558 Normally a prima facie case of 
obviousness is based upon structural similarity, i.e., 
an established structural relationship between a prior 
art compound and the claimed compound. Structural 
relationships may provide the requisite motivation or 
suggestion to modify known compounds to obtain 
new compounds. For example, a prior art compound 
may suggest its homologs because homologs often 
have similar properties and therefore chemists of 
ordinary skill would ordinarily contemplate making 
them to try to obtain compounds with improved 
properties. Similarly, a known compound may 
suggest its analogs or isomers, either geometric 
isomers (cis v. trans) or position isomers (e.g., ortho 
v. para). 

In all of these cases, however, the prior art teaches a 
specific, structurally-definable compound and the 
question becomes whether the prior art would have 
suggested making the specific molecular 
modifications necessary to achieve the claimed 
invention. See In re Jones. 958 F.2d 347. 351, 21 
USPQ2d 1941. 1944 (Fed.Cir.1992) ; In re Dillon. 
919 F.2d 688. 692. 16 USPQ2d 1897. 1901 
(Fed.Cir.1990) (en banc) ("structural similarity 
between claimed and prior art subject matter, ... 
where the prior art gives reason or motivation to 
make the claimed compositions, creates a prima facie 
case of obviousness"), cert, denied, 500 U.S. 904. 
Ill S.Ct. 1682. 114 L.Ed.2d 77 (1991) ; In re 
Grabiak. 769 F.2d 729. 731-32. 226 USPO 870. 872 
(Fed.Cir.1985) ("[I]n the case before us there must be 
adequate support in the prior art for the [prior art] 
ester/[claimed] thioester change in structure, in order 
to complete the PTO's prima facie case and shift the 
burden of going forward to the applicant."); In re 
Lalu. 747 F.2d 703. 705. 223 USPO 1257. 1258 
(Fed.Cir.1984) ("The prior art must provide one of 
ordinary skill in the art the motivation to make the 
proposed molecular modifications needed to arrive at 
the claimed compound."). 

Here, the prior art does not disclose any relevant 
cDNA molecules, let alone close relatives of the 
specific, structurally-defined cDNA molecules of 
claims 5 and 7 that might render them obvious. 



Maniatis suggests an allegedly obvious process for 
trying to isolate cDNA molecules, but that, as we will 
indicate below, does not fill the gap regarding the 
subject matter of claims 5 and 7. Further, while the 
general idea of the claimed molecules, their function, 
and their general chemical nature may have been 
obvious from Bohlen's teachings, and the knowledge 
that some gene existed may have been clear, the 
precise cDNA molecules of claims 5 and 7 would not 
have been obvious over the Bohlen reference because 
Bohlen teaches proteins, not the claimed or closely 
related cDNA molecules. The redundancy of the 
genetic code precluded contemplation of or focus on 
the specific cDNA molecules of claims 5 and 7. 
Thus, one could not have conceived the subject 
matter of claims 5 and 7 based on the teachings in the 
cited prior art because, until the claimed molecules 
were actually isolated and purified, it would have 
been highly unlikely for one of ordinary skill in the 
art to contemplate what was ultimately obtained. 
What cannot be contemplated or conceived cannot be 
obvious. 

The PTO's theory that one might have been 
motivated to try to do what Deuel in fact 
accomplished amounts to speculation and an 
impermissible hindsight reconstruction of the claimed 
invention. It also ignores the fact that claims 5 and 7 
are limited to specific compounds, and any 
motivation that existed was a genera! one, to try to 
obtain a gene that was yet undefined and may have 
constituted many forms. A general motivation to 
search for some gene that exists does not necessarily 
make obvious a specifically-defined gene that is 
subsequently obtained as a result of that search. 
More is needed and it is not found here. 

[5] The genetic code relationship between proteins 
and nucleic acids does not overcome the deficiencies 
of the cited references. A prior art disclosure of the 
amino acid sequence of a protein does not necessarily 
render particular DNA molecules encoding the 
protein obvious because the redundancy of the 
genetic code permits one to hypothesize an enormous 
number of DNA sequences coding for the protein. 
No particular one of these DNAs can be obvious 
unless there is something in the prior art to lead to the 
particular DNA and indicate that it should be *1559 
prepared. We recently held in In re Baird. 16 F.3d 
380. 29 USPQ2d 1550 (Fed.Cir.1994) . that a broad 
genus does not necessarily render obvious each 
compound within its scope. Similarly, knowledge of 
a protein does not give one a conception of a 
particular DNA encoding it. Thus, a fortiori, 
Bohlen's disclosure of the N-terminal portion of a 
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protein, which the PTO urges is the same as HBGF, 
would not have suggested the particular cDNA 
molecules defined by claims 5 and 7. This is so even 
though one skilled in the art knew that some DNA, 
albeit not in purified and isolated form, did exist. 
The compounds of claims 5 and 7 are specific 
compounds not suggested by the prior art. A 
different result might pertain, however, if there were 
prior art, e.g., a protein of sufficiently small size and 
simplicity, so that lacking redundancy, each possible 
DNA would be obvious over the protein. See In re 
Peterim. 301 F.2d 676 (CCPA 1962) (prior art 
reference disclosing limited genus of 20 compounds 
rendered every species within the genus 
unpatentable). That is not the case here. 

The PTO's focus on known methods for potentially 
isolating the claimed DNA molecules is also 
misplaced because the claims at issue define 
compounds, not methods. See In re Bell. 991 F.2d 
781.785.26USPQ2d 1529. 1532 (Fed.Cir. 1993) . In 
Bell, the PTO asserted a rejection based upon the 
combination of a primary reference disclosing a 
protein {and its complete amino acid sequence) with 
a secondary reference describing a general method of 
gene cloning. We reversed the rejection, holding in 
part that "[t]he PTO's focus on Bell's method is 
misplaced. Bell does not claim a method. Bell 
claims compositions, and the issue is the obviousness 
of the claimed compositions, not of the method by 
which they are made." Id. 

[6ir7ir81 We today reaffirm the principle, stated in 
Bell, that the existence of a general method of 
isolating cDNA or DNA molecules is essentially 
irrelevant to the question whether the specific 
molecules themselves would have been obvious, in 
the absence of other prior art that suggests the 
claimed DNAs. A prior art disclosure of a process 
reciting a particular compound or obvious variant 
thereof as a product of the process is, of course, 
another matter, raising issues of anticipation under 35 
U.S.C. ? 102 as well as obviousness under § 103 . 
Moreover, where there is prior art that suggests a 
claimed compound, the existence, or lack thereof, of 
an enabling process for making that compound is 
surely a factor in any patentability determination. 
See In re Brown. 329 F.2d 1006. 141 USPO 245 
(CCPA 1964) (reversing rejection for lack of an 
enabling method of making the claimed compound). 
There must, however, still be prior art that suggests 
the claimed compound in order for a prima facie case 
of obviousness to be made out; as we have already 
indicated, that prior art was lacking here with respect 
to claims 5 and 7. Thus, even if, as the examiner 



stated, the existence of general cloning techniques, 
coupled with knowledge of a protein's structure, 
might have provided motivation to prepare a cDNA 
or made it obvious to prepare a cDNA, that does not 
necessarily make obvious a particular claimed cDNA. 
"Obvious to try" has long been held not to constitute 
obviousness. In re O'Farrell. 853 F.2d 894, 903. 7 
USPQ2d 1673. 1680-81 (Fed.Cir. 1988) . A general 
incentive does not make obvious a particular result, 
nor does the existence of techniques by which those 
efforts can be carried out. Thus, Maniatis's 
teachings, even in combination with Bohlen, fail to 
suggest the claimed invention. 

[91 [ 101 The PTO argues that a compound may be 
defined by its process of preparation and therefore 
that a conceived process for making or isolating it 
provides a definition for it and can render it obvious. 
It cites Amgen Inc. v. Chusai Pharmaceutical Co.. 
927 F.2d 1200. 18 USPQ2d 1016 (Fed.Cir.) . cert, 
denied, 502 U.S. 856. 112 S.Ct. 169. 116 L.Ed.2d 
132 (1991) . for that proposition. We disagree. The 
fact that one can conceive a general process in 
advance for preparing an undefined compound does 
not mean that a claimed specific compound was 
precisely envisioned and therefore obvious. A 
substance may indeed be defined by its process of 
preparation. That occurs, however, when it has 
already been prepared by that process and one 
therefore knows that the result of that process is the 
stated compound. The process is part of the 
definition of the compound.* 1560 But that is not 
possible in advance, especially when the hypothetical 
process is only a general one. Thus, a conceived 
method of preparing some undefined DNA does not 
define it with the precision necessary to render it 
obvious over the protein it encodes. We did not state 
otherwise in Amgen. See Amgen, 927 F.2d at 1206- 
09. 18 USPQ2d at 1021-23 (isolated/purified human 
gene held nonobvious; no conception of gene 
without envisioning its precise identity despite 
conception of general process of preparation). 

We conclude that, because the applied references do 
not teach or suggest the claimed cDNA molecules, 
the final rejection of claims 5 and 7 must be reversed. 
See also Bell. 991 F.2d at 784-85. 26 USPQ2d at 
1531-32 (human DNA sequences encoding IGF 
proteins nonobvious over asserted combination of 
references showing gene cloning method and 
complete amino acid sequences of IGFs). 

fl 11 Claims 4 and 6 are of a different scope than 
claims 5 and 7. As is conceded by Deuel, they 
genetically encompass all DNA sequences encoding 
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human and bovine HBGFs. Written in such a result- 
oriented form, claims 4 and 6 are thus tantamount to END OF DOCUMENT 
the general idea of all genes encoding the protein, all 
solutions to the problem. Such an idea might have 
been obvious from the complete amino acid sequence 
of the protein, coupled with knowledge of the genetic 
code, because this information may have enabled a 
person of ordinary skill in the art to envision the idea 
of, and, perhaps with the aid of a computer, even 
identify all members of the claimed genus. The 
Bohlen reference, however, only discloses a partial 
amino acid sequence, and thus it appears that, based 
on the above analysis, the claimed genus would not 
have been obvious over this prior art disclosure. We 
will therefore also reverse the final rejection of 
claims 4 and 6 because neither the Board nor the 
patent examiner articulated any separate reasons for 
holding these claims unpatentable apart from the 
grounds discussed above. 

One further matter requires comment. Because 
Deuel's patent application does not describe how to 
obtain any DNA except the disclosed cDNA 
molecules, claims 4 and 6 may be considered to be 
inadequately supported by the disclosure of the 
application. See generally Amsen Inc. v. Chugai 
Pharmaceutical Co.. 927 F.2d 1200. 1212-14. 18 
USPQ2d 1016. 1026-28 (Fed.Cir.) (generic DNA 
sequence claims held invalid under 35 U.S.C. § 1 12 . 
first paragraph), cert, denied, 502 U.S. 856. 1 12 S.Ct. 
169. 116L.Ed.2d 132 (1991) : In re Fisher. 427 F.2d 
833. 839. 166 USPO 18. 24 (CCPA 1970) (Section 
1 12 "requires that the scope of the claims must bear a 
reasonable correlation to the scope of enablement 
provided by the specification to persons of ordinary 
skill in the art."). As this issue is not before us, 
however, we will not address whether claims 4 and 6 
satisfy the enablement requirement of § 1 12 , first 
paragraph, but will leave to the PTO the question 
whether any further rejection is appropriate. 

We have considered the PTO's remaining arguments 
and find them not persuasive. 

CONCLUSION 

The Board's decision affirming the final rejection of 
claims 4-7 is reversed. 

REVERSED 

C.A.Fed.,1995. 
In re Deuel 

51 F.3d 1552, 63 USLW 2624, 34 U.S.P.Q.2d 1210 
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10. RELATED PROCEEDINGS APPENDIX 
None 
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CONCLUSION 

Applicant respectfully submits that the various rejections of claims 16-21 and 24-30 under 35 
U.S.C. § 103(a) are improper and should be withdrawn. Fairness to Applicant requires reversal 
of the non-final rejection; therefore, such reversal is solicited. 

Very respectfully, 
SMITH & HOPEN, P.A. 
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